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ABSTRACT 
Selected municipal solid waste disposal topics were 
studied as part of an experimental interdisciplinary educa-
tion program at Lehigh University. Financed through a grant 
by the Alfred P. Sloan Foundation, three faculty members, 
one graduate student, and fifteen undergraduate students 
participated, representing the mechanical, chemical, metal-
lurgical and civil engineering departments. Four separate 
municipal solid waste disposal topics were investigated over 
the course of the two semester program, culminating in the 
design of specific solution proposals. 
The particular topics studied include: Solid Waste 
Disposal Via Sanitary Landfill Techniques in which area sani-
tary landfill problems were studied and a sanitary landfill 
for use by the City of Allentown, Pennsylvania, was proposed 
using an existing quarry and an unconventional leachate·col-
lection and recirculation system; Reclamation of Municipal 
Solid Wastes, in which the salvage and recycling of various 
solid waste products were investigated, resulting in the 
design of municipal reclamation methods and the partial 
experimental determination of their usefulness; Pyrolytic 
Disposal of Municipal Refuse, in which the economic and 
technical feasibility of the disposal of solid refuse by 
carbon.ization (pyrolysis) was investigated, and a pyrolytic 
disposal .facility of municipal proportions was designed; 
·and.a Portable Junk Automobile Shredder-Separator, in which 
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a railroad-car-mounted facility was designed in order to 
shred and separate junk automobiles into marketable scrap. 
The educational and technical accomplishments of the 
program are _presented. 
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1. INTRODUCTION 
An experimental program in interdisc~plinary education was undertaken at Lehigh Untversity. One of several such programs financed through grants by the Alfred P. Sloan Foun-dation, this particular study focused on the general field· of engineering design. Although primarily an educational ven-ture, several noteworthy technical achievements resulted. 
The p~og~am, under the general direction of Dr. Gary W. Poehlein, involved participation from four engineering disciplines. Conducted over the course of two semesters, the first semester task force was supervised by Dr. T. A. Terry of the mechanical engineering department and included 15 undergraduate students (juniors and seniors) and one grad-
uate student in chemical engineering. The undergraduates 
consisted of four mechanical, six metallurgical, two chem-ical and three civil engineering students. 
Dr. Roger G. Slutter, of the civil engineering depart-ment, supervised the second semester study with the assistance of Dr. Terry. Student members consisted of one graduate stu-dent in chemical engineering and seven undergraduates from the following engineering disciplines: one mechanical, two 
metallurgical, one chemical and three civil. 
Municipal solid waste disposal was chosen by the task force as the general topic of investigation for several rea-
sons.·First, nrunicipal solid waste disposal is an innnediate problem of national concern; thus, research and innovative 
3 
,,·:, •• ,' •• , j 
,- .~.· . 
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i I 
investigation in this area is urgently needed. Secondly, 
particular solid waste disposal problems in the Lehigh Valley 
could be studied. Several benefits which would thus result 
are increase~ university-community interaction, possible solu-
tion to local solid waste disposal problems, and increased 
student interest due to the obvious applicability of such a. 
study. Thirdly, on-site investigation of present and pro-
posed area municipal solid waste disposal facilities could 
readily be accomplished; thus, first hand information could 
be obtained. In addition, a topic of this nature is well 
suited to interdisciplinary study due to the variety of prob-
lems involved. 
Working within the general topic of municipal solid 
waste disposal, the task force selected four particular areas 
of study based upon student preference. These areas include: 
Solid Waste Disposal Via Sanitary Landfill Techniques, Re-
clamation of Municipal Solid Wastes, Pyrolytic Disposal of 
Municipal Refuse and a Portable Junk Automobile Shredder-
Separator. Each area was investigated by a project group 
composed of students from the various disciplines. 
The first semester of the overall study consisted pri-
marily of investigation into each particular area. Within 
this period, however, investigation and design of_ the Port-
able Junk Automobile Shredder-Separator was completed. The 
remai~ing three project groups continued their investigations_ 
.and, completed their designs the following semester. Sections 
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nical accomplishments of the program are summarized in sec-
tion 6. 
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2. SOLID WASTE DISPOSAL VIA SANITARY LANDFILL TECHNIQU!S 
2.1 Abstract 
Solid waste disposal via sanitary landfill techniques ' . was investigated. This study resulted in the formation of a proposal to convert e.n existing quarry in Whi teha.11 Township, Lehigh County, Pennsylvania, into an environmentally safe sanitary landfill for use by the City of Allentown, Pennsyl-vania. The proposed site, presently Jwned by the Giant Portland Ce~ent Company, is located approximately five miles north of Allentown. 
This design differs from most previous sanitary land-fill designs in that leachate is collected and recirculated through the landfill in order to prevent groundwater pollu-tion and to render the landfill non-pollutable within a short time period. More specifically, the design calls for the filling of the existing lake in the quarry bottom in order to raise the quarry floor above the water table and thus less-en the chances of groundwater pollution by leachate. In addition, the subsequent placement of an impermeable liner followed by a leachate collection and recirculation system is required. Throughout the life of the fill, projected as 40 years, leachate will be collected from the quarry floor and redistributed over the landfill surface, thus resulting in an increased rate 01' refuse decomposition. Leachate not recirculated will be discharged to a nearby existing sewer 
6 
1 I 
I ' I I : 
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.. 
interceptor line for eventual conventional treatment at the Allentown sewage.treatment plant. 
Municipal refuse, collected and hauled to the site by private· ope~ators, will be shredded on site before distribution 
over the landfill surface in order to increase handleability, discourage vector formation and hasten the decomposition r~te. Compaction of the distributed shredded material will follow. A total site preparation cost of $1.9 million is estimated. 
A benefit-cost analysis, performed on the total project, indi-
cates that the cost of ground and surface water pollution 
prevention is justified. 
The work discussed in this report took place over the 
course of two semesters. The first semester effort, general in nature, was directed toward the study of major problems 
associated with existing sanitary landfill sites. These 
problems included public nuisances and health hazards, geolog-ical considerati9ns, gas contamination of groundwater, the 
control of leachate formation, and the proper utilization of 
the completed landfill site. A large portion of this report is first devoted to discussion of these general topics. Sev-
eral tours of existing area landfill sites were conducted in 
order to determine those specific problems associated with 
landfill sites in the Lehigh Valley. 
The remainder of the report concerns the second semes-
ter effort; the specific design recommendations for the pro-posed san~tary landfill. The four major areas investigated 
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in detail during this portion of the study included: site 
preparatlon, a leachate collection and r~circulation system, 
preparation and application of refuse and a benefit-cost 
analysis. 
2.2 Introduction 
2.21 Project Group 
The following study of solid waste disposal via sani-
tary landfill techniques was performed over the course of two 
semesters; the first semester project group consisted of five 
men while four men composed the second semester group. Under-
graduate students performing the first semester investigation 
were Michael Lasonde, junior year in metallurgical engineering, 
Gary Lukas, senior year in mechanical engineering and Thomas 
Nichols, Allen O'Dell and Simon Skolnik, seniors in civil 
engineering. The second semester study included all of the 
above named students with the exception of ·Michael Lasonde, 
2.22 Project Description 
There are, in general, two ways to deal with the pres-
ent solid waste disposal problem. The first approach is to 
improve collection and disposal techniques so as to provide 
for an inexpensive and efficient protection of the environ-
ment. The remaining approach is the institution of recycling 
and salvage methods in order to reduce the per capita gener-
ation rate .and thus diminish the collection and disposal 
problem. - Relatively speaking, the first method could provide 
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tor short range alleviation of the solid waste problem, al-though it is not.a total solution. The second method is a 
mu.ch longer range solution since its inception would require 
major changas in the values of American society and an up-heaval of business attitudes. 
Salvaging a portion of solid wastes may well be useful to save natural resources and possibly to ~educe the cost of 
solid waste disposal. However the real solid waste problem is to safely dispose of the vast amounts of refuse generated. Consequently salvaging some solid wastes, which are only a 
very small percentage of the total amount generated, will not solve the total problem. 
It is the opinion of the members of this project group that in the Lehigh Valley the shorter range solution deserves study for two reasons. First, the solid waste problem is al-
ready very serious since the municipal incinerators in Allen-town, Wilson and Bangor, Pennsylvania, are major sources of air pollution. Also there are numerous unsightly and unhealthy dumps and junkyards in the area. Secondly, the Lehigh Valley, 
as well as the rest of the Nation, would be resistant to the 
many changes necessary to institute the long range plan for a 
number of years. 
At present there are several different methods used to dispose of solid wastes after they have been collected. 
a) Dumping -- The waste material is simply dumped or 
landfilled in a sanitary manner. 
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b) Incineration -- The waste material is burned, ~~ich often pollutes the air, to reduce its volume. The 
ash residue·is either dumped or landfilled. 
c) Composting -- Degradable portions of the waste material are treated to become a stable material which can be 
used as bulk for fertilizer. The majoP portion of the waste is not degradable and must be dumped or landfilled. d) Salvage -- A small portion of the solid wastes can be salvaged and reused but the remainder must be either dumped or landfilled. 
All of the above methods have one point in common. That is, the ultimate method of disposal is landfill. This informa-tion serves to illustrate the important point that the sanitary landfill is a necessary part, at least in some degree, of any solid waste management plan. 
With this background information in mind, it follows that the purpose of this report is to study the operation and utilization of the sanitary landfill in order that recommenda-tions for the proper use of such can be made. In particular, the needs and requirements of landfills located within the Lehigh Valley are of primary interest. 
Section 2.3 of this report concerns some of the major factors associated with the operation of a sanitary landfill. The five areas of study, each investigated during the first semester by a separate member or the project group, were chosen so as to provide a broad background of knowledge of 
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landfill operations from which to draw information needed for 
the second semester study. The second semester work, of a 
more particular nature, is a proposed plan for the environ-
mentally safe disposal of municipal solid wastes for the City 
of Allentown, Pennsylvania (see section 2.4). This plan in-
cludes design and procedural recommendations for the conver-
sion of an existing quarry site into a non-polluting sanitary 
landfill. The four major areas studied, landfills e prepar-
ation, collection and recirculation system, preparation and 
application of refuse, and the benefit-cost analysis, were 
each performed by a separate member of the four-man project 
group. As is discussed in section 2.414, the major differ-
ence between this design and previous sanitary landfill de-
signs is the fact that this plan calls for the collection and 
recirculation of leachate in order to prevent groundwater 
pollution and to render the landfill non-pollutable within a 
short period of time. A list of general recommendations is 
also presented to yield this report as compatible as possible 
to future sanitary landfill proposals. 
2.3 Ma or FPctors Concernin Sanitar Landfill O eration 
2.31 Leachate and its Flow 
Leachate is the product formed as rainwater or ground-
water percolates through the solid wastes in a landfill. 
This leachate is usually a reddish brown color typical of 
rust, but it may be almost any color depending upon the 
composition of the fill material. 
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The major problem caused by leaching is the pollution 
of water resour~es to the extent that the water is not fit 
for domestic or even irrigational use. Groundwater resources 
may be pollµted if the fill material is in constant or inter-
mittent contact with the water table or if rainwater perco-
lates through the cover material, the fill material,.and th~ 
soil underlying the fill area. Surface water supplies can 
be polluted by leachate formed from rainwater which seeps 
out of the side of the fill to the nearby drainage course. 
A water body may also be polluted if it is fed by groundwater 
supplies which have been polluted by leachate. The leaching 
process can also carry organic material outside the fill 
where vectors can be attracted. This problem will be dis-
cussed in section 2.33. 
To give an indication of the composition of leachate, 
the following data are presented. These nata were obtained 
from a report entitled "Investigation of Leaching of A Sani-
tary Landfill" prepared by the State Water Pollution Control 
Board of California.(9) The landfill that was studied was 
a municipal sanitary landfill for Riverside, California. 
The landfill had been used to dispose of all types of solid 
wastes. Well points were placed upstream (for control), 
downstream and within the fill site in order that water 
samples could be taken for analysis. Ion concentrations in 
the samples from well points within and downstream from the 
site were much higher than those concentrations observed 
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upstream, In the ca.se 01' hardness, expressed in equivalents 
01' CaC03, 20 times the nol'!llal was encountered, while 10,000 
times the nol'!llal content 01' armnonia and nitrogen was observed. 
Table 1 01' the Appendix was taken from the same report and 
shows the quantities of ions that could be expected to leach 
from a sanitary landfill, These weights of ions are the 
minill!Ulll extractions that could be expected in one year from 
one acre-foot of solid waste which is in continuous contact 
with groundwater supplies. 
The presence of ions in water causes the water to be 
very hard, This is objectionable if the water is to be used 
domestically since hard water is difficult to use with soap 
(calcium and potassiu,n ions in the hard water replace the 
sodium ions in most soaps to cause a precipitate), Also if 
hard water is used industrially in boilers, the dissolved 
ions form incrustations upon the boiler working surfaces, 
resulting in inefficient and uneconomical operation. 
Water which has been polluted by leachate is malodor-
ous which is, of course, objectionable and can have a biochem-
ical oxygen demand (BOD) greater than that of undiluted, un-
polluted waste water. The BOD is a measure of the amount of 
putrescible material which is present in the water. 
The report on leaching of the landfill at Riverside 
also attempted to study the diffusion of leachate in horizon-
tal and vertical directions, The report indicates that water 
1n an aquifer can be polluted by leachate from several hundred 
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to a few thousand feet downstream from a landfill. Also water samples were taken at various depths at some of the well points to give an indication of the vertical movement of leachate. Pollution of groundwater flowing in an aquifer was found to drop off very sharply with depth. The report concludes that diffusion of leachate in the vertical direa-tion is slight and that in the case of very deep aquifers, perhaps 100 feet deep, the groundwater flowing in the bottom of the aquifer would probably not be polluted. 
Actual numerical data of the composition of leachate is difficult to find in the literature since leachate itself is difficult to sample reliably. Leachate concentrations may vary considerably depending on the conditions of a particular landfill site. In some cases industrial waste chemicals have been disposed of in landfills. In this situation the leachate is difficult to analyze unless the kinds of industrial chemi-cals which have been buried with the other wastes are lmown. Once the waste chemicals in the leachate have been determined it is possible to treat the leachate if it can be collected. Another problem with chemical wastes is that many of these wastes are inflammable and can sustain underground fires in solid waste cells. For these two reasons the Pennsylvania Department of Health has prohibited the burying of dangerous liquids in landfills. However, during the course of our tours of area landfills, we have found many container~ which are typically used to store chemical wastes. This of course 
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does not prove that disposal of chemical wastes is taking 
place, but it does suggest that the private landfill owners 
are not adhering to this state guideline in the same manner 
in which th~y circumvent other guidelines intended for the 
proper operation of sanitary landfills, The problem of en-
forcement of existing regulations will be discussed later · 
within this section. 
Another problem which was brought to our attention 
during our tour of the Chrin landfill near Easton was the 
burying of sewerage sludges in landfills, We are not sure 
that this is taking place at the Chrin landfill, but the black 
color and odor of fue leachate at this site is typical of the 
leachate that is formed in fills which contain sewerage 
sludges, The problems that are involved with the treatment 
of these leachates are no more diff'icult than those problems 
encountered in treating the sludges before they are landfilled; 
however, it would be easier to treat the sludges rather than 
to believe that the problem can be buried out of existence, 
It is important, in connection with our study, that 
we find out how long after the placement of solid wastes in 
a landfill leaching occurs, The Riverside report stated in 
reference to extractions of ions in one year, that after these 
extractions are realized in a year, leaching falls off very 
sharply and that it is unlikely that all the ions that are 
present will ever be leached. Hence, it is the opinion of 
this project group that leaching of solid wastes takes place 
almost entirely in the first year after the material is placed, 
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A brochure published by the Federal government lists 
the following guidelines in order to avoid leaching, 
a) The fill material should be placed in such a way as 
to avoid continuous or intermittent contact between 
the solid wastes and the water table. 
b) A relatively impervious soil cover should be provid?d 
to prevent infiltration of rainwater into the solid 
waste cells. 
c) The fill should be designed for proper drainage of 
surface water.(51) 
Some connnsnt on the above guidelines is in order, The first 
guideline states that the fill material should not be placed 
in such a way that it comes in contact with the groundwater, 
This requirement is obviously easy to meet if the site is 
selected properly and if the landfill is operated properly. 
Also, it is plain to see that leachate would pass directly 
into the groundwater supply if this guideline were not met, 
In an area in which precipitation exceeds evaporation (as it 
does in the Lehigh Valley) water is available to infiltrate 
into the solid waste cells, The landfill will thus eventually 
become saturated and begin to leach. This indicates that the 
other Federal guidelines would not help to prevent the forma-
tion of leachate in landfills in this part of the country. 
The conclusion which can be drawn from this is that leachate 
should be collected and treated in sanitary landfills in 
this area. 
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Leachate usually has the same types of pollutants as 
waste water so techniques that are applied to was-te water to 
remove dissolved ions and reduce the biochemical oxygen demand 
can also be.used for the treatment of leachate. First, the 
problems involved with collection should be considered. The 
site should be selected so that there is a relatively imper,-
vious layer between the solid wastes and the top of the 
groundwater table. If such a site cannot be found, an imper-
vious layer can be made by using a Fiberseal asphalt liner. 
After the solid wastes become saturated,which may take a long 
time if there is good surface drainage and an almost imper-
vious soil cover, the leachate will begin to flow out of the 
wastes at a low point on the landfill surface. A gravel 
drain can be placed at this drainage point to allow the leach-
ate to flow to the treatment system which should be located 
close to the site. Thus, it becomes apparent that the col-
lection of leachate requires planning prior to the beginning 
of filling. However, in many problem cases the leachate 
problem is not considered until the leachate is found to be 
polluting water supplies. In this case, some of the fill must 
be excavated for the placement of gravel drains or perfor-
ated collection pipes, or else wells can be drilled into the 
landfill and pumps installed to bring the leachage to the 
surface. This method is more expensive than planning for the 
leachate treatment prior to the operation of the site which 
indicates that foresight is needed in planning for solid waste 
disposal in sanitary landfills. 
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As was mentioned earlier, the treatment of leachate 
is similar to the treatment of waste water. This is true 
if the landfill was not used to dispose of significant quan-
tities of chemical wastes. Assuming th at the leach.ate does 
not contain unusual chemical wastes, the following methods 
can be used for the treatment of leachate, Aeration is used 
to remove dissolved gases such as carbon dioxide and other 
odorous gases, create aerobic conditions for the decomposition 
of any organic wastes, and also aids the deferrization of the 
water. Ion exchange or chemical precipitation is used to 
take undesirable ions out of solution. Chemical precipita-
tion removes a large portion of the BOD, but sand filtration 
can be used to remove more than 90% of the BOD. The addi-
tion of chlorine to the leachate can remove 90 - 95% of 
bacteria if bacteria are present in the leachate. If this 
does not make the water pure enough to discharge back to the 
groundwater, further biological treatment must be undertaken. 
The kinds and amounts of treatment depend on the composition 
of the specific leachate in question and the proximity of 
the fill to an area where the leachate could pollute wells 
or surface waterways. 
Owners of privately operated landfills are usually 
more interested in making money than they are in treating 
the leachate they produce, This of course leads to a dis-
cussion of the problem of enforcement of regulations at pri-
vate landfills. From our tours we have found that private 
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landfill sites do not adhere to the present guidelines con-
cerning proper operation of sanitary landfills. OU!' report 
makes recommendations for the use of landfills which require 
more money than is presently required to meet Department of 
Heal th a tandards. S.ince private owner a do not a pend the 
money to meet present guidelines, it is unlikely that they. 
will spend the money to meet our expanded set of guidelines. 
Therefore, we suggest that landfill sites be purchased by 
municipalities and then operated municipally. After the site 
is completed, the municipality can use the land for some 
public use such as new recreation apace which is now needed 
in this area. If suitable land for a sanitary landfill can-
not be found, it is possible that some arrangement could be 
made such that a landowner could lease his site to a munici-
pality which would operate the site. In this way the munici-
pal government would have control of the site and could assure 
that the proper procedures be taken so that the environment 
would not be polluted. 
2.32 Geology of a Sanitary Landfill 
The geological factors influencing the selection and 
operation of a sanitary landfill site are many and varied, 
Improper or incomplete consideration of any o!' these variables 
could lead to irreparable damage to the environment, the eco-
system, or man himself. Therefore it is imperative that the 
engineering survey preceding a landfill site selection and 
the periodic investigation of an operating fill, both of 
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which are essential to a safe and non-offensive operation, 
include a complete study of the immediate and surrounding 
lands of the used area. 
Basically we can divide sanitary landfill considera-
tions into three geologically oriented areas for study: soil 
cover, topography, and underlying substrata, each of which. 
represents a common problem area. 
A suitable, inert, granular material with a variety 
of particle sizes for a high final density must be used to 
cover compacted refuse at both the 1:1orking face and top sur-
face of the landfill project. The cover should be relatively 
free of organic matter, brush, sod, tree roots, and stones 
with a diameter greater than six inches. This is necessary 
for proper compaction and to prevent the formation of pas-
sages for the entrance of vectors and/or the escape of gases. 
The cover should also be fairly permeable to allow natural 
percolation of rainfall after the compaction process. Fail-
ure in this respect could lead to ponding on the fill sur-
face, making operations more difficu~t, or to an increase in 
surface run-off thus causing erosive forces to do much more 
damage than would normally be expected, even to the point of 
destroying the effectiveness of the soil cover. The cover 
prevents refuse from scattering, gross escape of decomposi-
tion gases, provides a good traction surface for vehicles, 
and lessens fire hazards by sealing in each cell. 
A sandy loam with light clay content is usually con-
sidered the bes't cover material. However, in areas of lesser 
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rainfall, insoluble crushed stone or calcium sulfate treated 
alluvial silts prove effective and more economical than the· 
transportation of good cover material to the fill site. Us-
ually though, a binder is added to the soil in these cases 
to enhance compaction and keep erosion at a minimum. Sand 
is even used by New York City after treatment with an acti~ 
vated sewage sludge for solidification properties or mixed 
with marshland peat for the same reason.(4) This method also 
yields a fertile topsoil for later cultivation as a park or 
recreation area when the site is completed. 
When choosing a soil cover it is usually more econom-
ical to work with material found in the immediate vicinity 
of the fill. Stockpiling and the building of reserves usually 
proves more beneficial than the importation of a more ideally 
suited material. Clay is a very poor source of cover yet it 
is commonly found and used. The adsorbable properties of 
clay cause it to swell when moistened forming quagmires and 
surface pools on the exposed fill. This condition makes op-
erations around the site for vehicles difficult, if not pos-
sible. When the season changes and the clay dries out, it 
shrinks and forms cracks thus yielding access routes for 
vectors and a means of escape for decomposition gases. Any 
material high in clay content should be rejected as suitable 
cover. Most other soils can be treated to make them accept-
able. 
The quantity of soi] cover varies from site to site, 
depending on the cover material, compaction, climatic ..J 
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conditions, etc., but generally a one part soil cover to 
four parts refuse is the accepted ratio. It is interesting 
to note that only 25% of the cover soil occupies refuse space 
in the fill. The remaining 75% used apparently sifts into 
the voids between refuse particles or becomes mixed within 
the cell during the compaction processes. This then shows· 
that about five per cent of the total refuse space is given 
·up to soil cover.(4) In many instances however, it is com-
mon practicre to reduce the amount of soil cover used in order 
to lenghthen the useful life of the landfill site. This very 
common misconception leads to hazardous and unsanitary con-
ditions. Generally a twenty-four inch final top and a twelve 
inch cell wall are considered adequate cover dimensions. 
The first step in making topographical considerations 
of an area is a detailed site survey with a scale less than 
200 feet per inch and a contour interval of approximately two 
feet. The resulting map thus gives an accurate picture of 
the area to be considered without continual on-site investi-
gations. From this survey most topographical allowances can 
be projected. 
On the basis of site types, ~here are two classifica-
tions of sanitary landfills; wet and dry, determined by the 
amount of water found in the actual fill area. Dry sites 
consist of area landfilling, which is the building up of a 
fairly level section of land, and depression fills, such as 
canyons, ravines, quarries, and pits, or any other low spot 
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whether man-made or natural which is used for the controlled 
and sanitary disposal of refuse. Depression landfills pre.-
sent several unique types of problems which call for fore-
sight and detailed analysis. The two principle criteria for 
determining the acceptability of a canyon or ravine for a 
fill site are soil type and physical configuration. Soil type 
has been previously discussed. A relatively flat bottom 
grade is desirable for ease of vehicles traveling in and out 
of the fill site. Since nearly all cover material will come 
from the canyon walls, it is advantageous if the site is long 
and narrow. The stability of the exposed fill slopes must 
also be considered. Generally a twenty to thirty degree slope 
is acceptable and only those grades approaching forty degrees 
need be thoroughly investigated for drainage and stability. 
It may be in such a case that the refuse and canyon wall inter-
face is also a shear plane. Thus, unless terracing or other 
slip retarding precautions are taken, a dangerous situation 
could result. Usual practice is to start each lift at the 
canyon head and progress to the mouth. This practice pre-
vents ponding behind the fill and allows easier access for 
disposal trucks. 
Rain water runoff tends to concentrate in canyons and 
ravines, therefore adequate drainage is a requirement. If a 
natural watershed does not surround the landfill, man-made 
diversion ditches may be necessary to divert the flow around 
the landfill area. In some cases it may even prove more 
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practical to pipe the rain water through a drainage culvert 
under the landfi~l operation and still along the natural flow 
paths. Surface runoff of the fill itself must take place 
while keepiijg erosion at a minimum. Usually a designed sys-
tem of drainage ditches can accomplish this. If things are 
left to nature, there is apt to be a flow concentration along 
the canyon walls or down the center line of the fill provid-
ing for increased percolation and erosion, both of which are 
undesirable in a stormy season. When the fill operations are 
finally completed, the surface should be seeded so that water 
which formerly washed through the area can be slowed down or 
transpired. This would then prevent the landfill, which is 
more porous than the surrounding area, from washing away. 
Pit and quarry landfills are operated in a similar 
manner to those located in canyons or ravines, except that 
cover material cannot usually be procured from the walls. 
Provisions must be made for this whether it be excavating 
the surrounding countryside, using a borrow pit, or import-
ing soil cover. Rain water also tends to empty into a pit 
rather than wash through as in the case of the canyon. It 
is essential that rain water be diverted by a system of 
ditches or else operation in adverse weather will be impos-
sible due to mud, quagmires, and ponding effects on the fill 
surface. It should also be noted that the water table should 
C 
not intercept the pit floor at any time or the resulting con-
tamination of th~t water supply could be dangerous • 
. 24 
I , 
t i 
I 
i'i 
. !'! i 
. ' 
• 
Landfills in wet areas are usually swamps or marsh-
land, fluctuating tidal areas, or standing ponds and wet 
bottomed quarries. Operations in tidal areas and swamps 
and marshes are extremely similar. It is of utmost impor-
tance to construct and maintain a drainage system adequate 
to, handle both groundwater runoff from adjoining uplands · 
and surface runoff from the newly filled plateaus. The dis-
charge end of the drainage ditches should be equipped with 
readily cleanable trash screens. If discharge is into tidal 
waters, flap gates should be added. Filling strips should be 
extended from a previously constructed operating platform. 
This platform, built up from either compacted refuse or other 
available material to about five feet above marsh elevation, 
facilitates maneuvering of trucks and makes operations more 
flexible. Filling operations should be scheduled and con-
trolled so as to alleviate mud waves which may cause struc-
tural problems, interfere with normal drainage, and create 
odor and insect nuisances by stirring up organic silt. The 
schedule can be carried out by dividing the area into several 
lagoons by means of dikes to better control operations and 
limit and alleviate nuisances. Only one lagoon should be 
filled at a time. The initial in-water layer should have 
a compacted elevation of about two feet above high water. 
The alternative, filling up to water level with clean soil,· 
may be more satisfactory but much costlier. Lagoon dikes 
should be strong enough to withstand mudwaves and of such 
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materials and proportions as to reduce permeability to the 
minimum. Malodorous leachings can be prevented entirely by 
watertight, shallow, lightweight, interlocking steel or wood 
sheet piling. Where strong currents or high waves are prob-
lems, outshore faces should be rip-rapped against erosion. 
Otherwise, flat grades or natural slopes may be a more econom-
ical solution. 
Seattle has reportedly had good results in construct-
ing dikes in marshy areas by using large masses of rubbish 
such as trees, tree limbs,.lumber, and similar materials. 
Dikes built of such materials prevent nmd, silt, and peat 
from sliding out from under the refuse fill. The large rub-
bish when compacted is so' interlaced and tightly bound to-
gether that cracking is reportedly unknown. (Hi.) Where polu-
tion from leaching is a consideration, a dike should be con-
structed with an impervious core such as compacted clay. 
The depth of the first layer of refuse should be a minimum, 
with deposition in strips, moving out with a pincer operation 
to confine underlying nmd and avoid mudwaves. Good compac~ 
tion is essential to key refuse into muck, nmd, and peat. 
After a tidal or swamp area has been filled it is 
difficult to use the reclaimed land. Poor footings on mud 
or peat make construction hazardous and unsure. However, 
the new area can be used for parking, recreation fields, etc., 
without too much danger to man's well-being from shifting or 
sinking. 
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. The dumping of refuse into bodies of water as ponds 
or quarries is usually offensive and dangerous. Anaerobic 
conditions and odors result during decomposition and hydrogen 
sulfide is introduced to the water giving it a displeasing 
taste and odor at the very least. The water that is dis-
placed must be routed somewhere; if it is contaminated, which 
is probable, its outlet must be far from potable supplies. 
Trash also tends to float and compaction is very difficult 
since good footing for equipment is not always available. 
In addition, groundwater considerations must be made so that 
the water table in the area is not rendered useless. 
When considering the strata beneath a landfill, we 
find very few problems other than those associated with 
groundwater.· Minor foundation problems exist in swampy areas 
and excavation is difficult in rocky or sandy soils, but 
these adversities must be dealt with in conjunction with the 
particular site. Groundwater and hydrogeological studies 
are common to nearly every landfill and present many simi-
lar problems. 
Probably the largest single difficulty associated 
with the strata beneath a sanitary landfill site is the 
transport of physical, chemical, and biological undesirables 
by underground water through solution or suspension. This 
is commonly called leaching and in order for it to occur at 
a landfill location three conditions must be met. The land-
fill must: 
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~) be over or adjacent to an aquifer, 
b) be saturated from flow of ground water into the·fill 
from. precipitation percolation and runoff water of 
decomposition~ or by an artificial source, 
c) have leached fluids produc.ed and the leachate must be 
capable of entering an aquifer.(4) 
An aquifer is defined as a water-bearing and water-yielding 
portion of the strata. Noninundated sedimentary deposits, 
fractured zones in dense plutonic rocks, porous sandstone 
beds, and caverns and pores in limestone are all common aqui-
fer foundations.(13) 
It is obvious that to saturate an entire landfill is 
nearly impossible. Thus condition "b" occurs in a more local-
ized manner due to drainage patterns forming within fill mater-
ial with poor cell structure. Leachate is then transported 
by this runoff water and allowed to pollute the outside envir-
onment or percolate to pollute the water table. Pathogenic 
pollution fortunately does not travel far via groundwater. 
Clay, sand and gravel all act as filters and prevent exten-
sive damage. Physical and chemical pollutants cannot be 
filtered out however, only diluted. Thus though there may be 
no danger of toxicity, the contaminants still exist in the 
water supply. As we have learned well over the past decades, 
dilution is no solution to pollution. However, the problem 
which exists in many situations today is lack of knowledge. 
Once leachate reaches slow moving groundwater, it may not 
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become apparent to man until an entire water supply is des-
troyed. Leachate prevention is a necessary consideration 
in site selection.· A complete hydrogeological survey showing 
flow rates, paths and patterns of groundwaters is a necessity 
before a location can be covered with refuse. Only in this 
way can a sanitary landfill be truly sanitary. 
Limestone, which underlies much of the Bethlehem area 
and forms the base of many of the quarries which are poten-
tial landfill sites, is generally a very poor foundation. 
It is extremely permeable. It easily transports polluted 
groundwater and in addition, often contains many solution 
holes beneath the soil surface yielding uneven compacting. 
Many sink holes on the surface, fed by the water table as 
springs, could be contaminated due to leachate and classified 
as polluted surface waters, a very serious problem. Another 
difficulty results when carbon dioxide forming from organic 
decay enters into solution in groundwater. Limestone dis-
solves much more rapidly when exposed to carbonated water 
and as a result a completed landfill may begin to sink as the 
limestone is literally carried away from beneath it. Thus 
reclamation of the site becomes more complex. 
Other problem strata present their own difficulties. 
Sandstones are highly permeable with gross flow rates. Sand 
itself al~o allows the passage of much water and it con-
stantly shifts with water movement. Siltstones and shales 
possess similar characteristics. It is evident then that 
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care must be taken in choosing a landfill base. The most 
desirable base is some impervious strata. Clay or a high 
clay-loam mixture will compact to an impermeable layer. 
Most igneous J:'OCks are also suitable. 
Apparently then a landfill site is not merely a hole 
in the ground to be filled· up. Many surveys, investigations, 
and studies should precede the selection of any area for use 
as a sanitary landfill, Landfilling can be just as harmful 
and obnoxious as incineration, ocean dumping, or any other 
of its competitors if it is not executed in a proper manner. 
When done correctly, however, a sanitary landfill is clean, 
safe and very useful. 
2,33 Public Nuisances and Health Hazards 
The following section discusses some of the more ob-
vious problems associated with refuse disposal via the sani-
tary landfill method. The technology to operate a truly 
sanitary landfill is more than adequate. Properly operated 
landfills will not be a neighborhood nuisance. In reality 
landfills are like highways; everybody needs them, but no 
one wants them in their backyard. 
The following paragraphs from 11 Policies for Solid 
Waste Management"(51) seem to sum up the plight of the "sani-
tary'' landfill very well. 
"The problems involved in sanitary landfi'll or final 
deposit.of wastes are more involved with public accept-
ance than with technology, although lrn.own technology 
is by no means fully employed •. Available records indi-
cate that there are· about 90,000 more or less recognized 
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land-disposal sites in the United States. or this 
number, about 19,000 were planned, and some 12,000 
are subject to a deg~ee of local control that identi-
fies them as •sanitary•. Less than 14% of the par-
tially controlled sites enjoy any degree of local 
acceptance. There is no question as to the low esteem 
in which the remaining 78,000 are not held by the pub-
lic. The National Solid Wastes Survey has detailed 
information on about 6,000 sites, and finds that only 
6~ of these meet the mininru.m requirements for designa-
tion as •sanitary landfills'. The Committee feels 
that this condition has developed more from a lack of 
use of available information and training than for 
any other reason. 
Final deposit sites are becoming increasingly 
difficult to establish, not only in urban areas, but 
also in areas where stringent control of past opera-
tion has not been exercised. 
The Committee stresses the importance of con-
tinued research-and-development directed to the tech-
nology of producing landfills with a minimum of land 
requirements and a maximum of flexibility of subse-
quent land use; and the need for measures to inform 
the public and its representatives of the guidelines 
that lead to fully acceptable landfilling." 
There are numerous reasons for wanting to safely dis-
pose of refuse. Primary among these reasons are disease, 
nuisance and pollution of the surrounding environment. Cer-
tainly the disease aspect should be considered first. No 
clearly defined etiological relation has been established 
between solid wastes and disease. Why then is everyone so 
fearful of recklessly disposed refuse causing grave health 
hazards? As the U.S. Department of Health, Education and 
Welfare publication, "Solid Wastes and Disease Relationships -
A Literature Survey", points out, "The circumstantial and 
epidemiological information presented does support a conclu-
sion that, to some diseases, solid wastes bear a definite, 
if not well defined etiologic~l relationship. The diseases 
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so implicated are infectious in nature, no relationship can 
be substantiated for noncommunicable disease agents associa-
ted with solid wastes, not because of negating data, but be-
cause of lack of data."(.51) So actually the complex problem 
of disease transmission from solid wastes has never been 
thoroughly studied. However, coITID1on sense tells us that ref-
use scattered about the environment cannot improve health 
standards. 
Vectors are insects and rodents which are classified 
as disease carriers (i.e., either biological or mechanical 
carriers.) The fly is perhaps one of the most effective 
mechanical carriers of disease. Unfortunately a poorly oper-
ated sanitary landfill and perhaps even a landfill that is 
properly operated, provide an excellent fly breeding area. 
In the Lehigh Valley this is, of course, restricted to the 
warmer seasons of the year. The flies may lay their eggs 
in the refuse at the landfill site or, if possible, during 
the collection process. The fly may even bring certain dis-
eases to the refuse. Municipal refuse is a virtual bacteria 
paradise and under proper conditions, communicable disease 
causing bacteria can multiply rapidly. The fly can pick up 
this bacteria and carry it with him. 
How then are flies to be controlled at a landfill 
site? The answer seems obvious, destroy their breeding 
ground, i.e., cover refuse as soon as possible. Make sure 
that an adequate cover is applied. "Inadequate depth or 
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insufficient compaction of cover material in landfills may 
permit flies to emerge from eggs or larvae in the raw refuse 
at the time of its collection."(4) However, sometimes in 
warmer periods, the refuse must be sprayed with an insect-
icide to control the fly population. 
Proper drainage of the landfill site can also help · 
reduce the number of flies and other insects, specifically 
the mosquito. However, the mosquito is not the health hazard 
that the fly is. Mosquitos are better biological carriers 
than mechanical carriers, and the diseases they transmit are 
' 
,, not prevalent at most landfill sites, 
Rodents, especially rats, are another vector that 
should be kept out of landfill sites. Rats are biological 
and mechanical carriers, capable of transmitting such horri-
fying diseases as bubonic plague. Fortunately, rats are not 
present in large numbers in most active landfills. The ren-
scn for this seems to be that they do not like all the activity 
(i.e., filling, compacting, and covering) present at a land-
fill site. This does not mean howeve~, that rate proofing of 
the landfill can be ignored. It is essential that the refuse 
be covered at the end of each day with about six inches of 
cover material. The landfill area should be kept free of 
scattered organic matter. Proper cover material should be 
used to insure that no cracks will form, allowing for easy 
rat entrance and exit. The best cover material is a sandy 
loam with enough clay to make it workable, but not enough 
to make it crack when drying out • 
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Grinding or shredding is another possible solution to 
the vector problem. With a well shredded refuse, the organic 
material is much more widely dispersed. Shredding the refuse 
makes it much more difficult for the vectors, especially rats, 
to feed. Shredding also significantly reduces fly larvae in 
the refuse. Often this larvae kill is so complete that a 
lavicide is not required. 
Vectors provide the most serious public health hazards, 
but there are a number of other landfill associated problems 
that are more of a nuisance than a health hazard. The nui-
sance factors which follow are those that can b~ witnessed 
in specific Lehigh Valley landfills. Careful thought should 
be given to the elimination of these nuisances from new land-
fill sites. 
Odors are a very real nuisance at a sanitary landfill 
site. "Odorous gases are the product of surface putrefaction 
of deep seated anaerobic digestion. Ponds with churned-in 
high organic content, polluted stagnant drainage ditches, and 
leaching from refuse piles, are sources of anaerobic decom-
position gases. But properly operated landfills are free of 
odor, and prompt action can forestall complaints from the 
public if odors do become a nuisance."(4) Stale garbage can 
pose quite an odor problem. During our tours of area land-
fills it was pointed out that the worst odors arise from 
refuse that is left in the trucks over the weekend because 
the drivers do not have a full enough load to take to the 
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landfill. This material should be covered as quickly as p6s-
sible at the landfill site or if this is not possible, it 
should be aerated and mixed with fresh refuse in the hope of 
retarding anaerobic decay. There are a number of steps that 
should be taken to keep odors to a minimum. 
a) "Rapidly and continually cover freshly dumped refuse, 
particularly garbage. 
b) Seal surface cracks in completed areas of the site to 
prevent emission of gases (note proper cover material 
should be used), i.e., sand loam with a relatively lc.i.1 
clay content to keep cover cracks to a minimum. 
c) Eliminate surface pools, side leaching action and 
seepages at toes of filled embankments • 
d) Spray the refuse with suitable deodorants if required." (4) 
Besides the above steps there are several others which 
are worthy of consideration. The selection of the site itself 
might well serve to dissipate or carry away odors from devel-
oped areas, i.e., put sanitary landfills downwind from housing 
developments. Also, the fill material could be banked in such 
a manner so as to further dissipate the odors. 
Visible smoke is also a nuisance factor to be considered. 
Smoke can result from two sources. One source is open burning 
which is not legal and should promptly be stopped. The other 
source is underground fires in the landfill. This was a se-
vere problem at the Bethlehem landfill for a considerable 
time period. Surface refuse fires can be quickly and easily 
extinguished, but once a fire begins underground, it can be 
very difficult to control if the construction of the site has 
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·not taken the possibility of fire into consideration. Good 
compaction reduces the possibility of combustion. The cov-
ered refuse should be properly celled, i.e., separated by 
earth banks so as to contain a fire to a small area should 
one start. Landfill sites should have fire fighting equip-
ment on hand. "A water system with at least 30 P.S.I. pre~-
sure is necessary for fire control at a fill site."(4) Of 
the three sites visited by our project group on Tuesday after-
noon November 17, 1970, only one site had any fire fighting 
equipment. 
Dust is another nuisance that exists at fill sites in 
the Lehigh Valley. The solutions to the dust problem are 
simple. 
a) Wet down the fill site during dry periods. 
b) Improve service roads at the landfill site, i.e., put 
down crushed stone roads. These will equally be bene-
ficial in wet weather. Also, service roads could be 
oiled or treated with calcium chloride to minimize 
dust. 
The noise level of a landfill site must also be con-
sidered a problem. This problem will no doubt receive more 
attention should fill sites be located close to housing devel-
opments· .. · At. the1 pr.e.eent time, most of the landfills in the 
Lehigh Valley area are located away from any housing develop-
ment. The only landfill close to a group of houses is the 
privately owned Novak landfill, located near Parkland High 
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School. Here the neighbors have complained about the noisy 
operations. We feel that substantial improvement could be 
obtained with something as simple as better mufflers for the 
fill equipment. We found that very little has been done to 
try to reduce noise from construction equipment at this site. 
Drifting papers are also a nuisance factor. Paparo . 
scattered all around the site definitely contribute to an 
unsightly appearance, Drifting paper can be controlled by 
fencing, but a better approach is proper site selection. A 
sheltered site provides the best protection from the drifting 
paper problem. The trenching method with earth berms perpen-
dicular to prevailing winds can also solve this problem. 
Fencing has three purposes at a sanitary landfill site: 
a) To cut off the view of the operation, 
b) To control entry to the site - for safety reasons and 
to prevent the stealing of fill material, and 
c) To control wind blown trash. 
Item "c" above can be accomplished in several different ways. 
One method is to use snow fencing in the immodiate working 
area and to move this fencing as the working area moves. 
Advantages of the snow fence are: it is effective, its cost 
is low, and it is easy to set up and move. Another method is 
to completely fence in the entire landfill site. This is 
generally done with a "hogwire" type fence. Portable fencing 
mounted on skids o.nd towed by a tractor is also used to con-
tain blowing papers. 
37 
I I 
I 
i 
i 
'. I 
I I 
,• • ' ,"-..' ~ • .,, • • .)_-,.• •,• •,/ • C• "",.,',••' < • ,L, ••,", 
Landfills must operate no matter what the weather con-
ditions may be. Cold weather operations provide special prob-
lems which must. be considered. There are several recommenda-
tions that· should be followed for winter operations. 
a) "Service the area for winter operations before there 
'is a frost and inaula_te the ground with leaves or 
similar material (two to three foot depth). 
b) Excavate trenches in advance of cold weather and stock-
pile cover material for use during the winter. 
c) Excavate an 'undisturbed area I if possible. ( An 'un-
disturbed area' is one that has not had the vegetation 
and earth compressed by, for example, numerous trucks 
driving over it. 'Undisturbed areas-' have been suc-
cessfully usod for fill sites in Bismarck, North 
Dakota} •11 ( 4) 
"It is also recommended that tractor equipment include 
ice and snow grousers and a heated cab for the operator. A 
heated garage for equipment storage and headquartors for per-
sonnel are necesaitiea."(4} 
Consideration must also be given to wet weather opern-
tions. Again the following recommendations· should be followed 
wherever they apply. 
a} "Uae well drained sites with sand loam soil if possible. 
b) Build all-weather access roads. 
c) Stockpile auch materials as ashes or planking for con-
otruction of firm aur•fo.ce lanes from the permanent 
aoceas road to the area of operation. 
d) Dump refuse some distance from the operating face of 
the fill and bulldoze it to the area of operation 
under extreme conditiona. Thia prncttce ia advocated 
in moat caaoa only as a final resort. 
e) If a load is not prohibitively heavy, a tractor some-
times can tow refuse trucks to the operating area. 
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f) Use other sites during prolonged wet periods. In 
certain places, such ·as New Orleans, use of alter-
riati ve sites is a common practice, 
Techniques for handling wet weather problems vary, of 
course, according to the location of a fill site."(4) 
The problems presented in this section are not astound-
ing, Their solution technically seems very simple. However, 
at this time in the Lehigh Valley, there is one factor that 
causes great complications and frustrations in solving these 
problems. Only one landfill in the Lehigh Valley is munici-
pally owned, the remaining landfills are owned and operated 
on a private, profit making basis. Control over these private 
landfills is very difficult for state offic1.o.ls. The private 
landfill owners know that their sites are needed and conse-
quently are slow to implement the suggestions offered by 
state health officials. State officials can threaten to close 
down a site, but then what will be done with the refuse that 
is presently directed to that site. In conclusion it may be 
stated that there presently exists a very definite shortage 
of sanitary landfill sites in the Lehigh VAlley and those 
now operating are operating over capacity. 
2.34 Gas Contamination of Groundwater 
"One of the most neglected areas of research in waste 
treatment and disposal is that concerning solid wastes, and 
one of the least investigated aspects in this respect concerns 
hazards of groundwater pollution due to landfill rubbish."(7) 
Therefore, the primary concern of this section will be to 
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indicate poaaible pollution hazards to groundwater by gaaoa 
emitted from n landfill and to attempt to formulate a aolu-
tion to the problem. 
Some of tho first investigations into this problem 
were carried out in Cnlifornin. It wr1s d1.scoverfld that im-
pnirment of water quality occurred in a wall in Monrovia. 
After carefuJ. investigation it was concluded thnt the im-
pairment was due to solution of carbon dioxidA gas which 
r<rnul tcd 1.n 1.ncr•e 11sed hnrdne s fl and thn t the nource of thl s 
gun wna decomponing refuse from n nAnrby nr.mttnry lnndf1.ll. 
At present, gas contominntion of nren groundwnteru 
prcrnentn no problem 1.n tho Lehtgh VnllHy. However it is def-
initely a problem of the future and muat not be overlookod. 
With1.n tho next eight years the Bethlehem lnndflll nnd Novnk 1 B 
lo.ndf .1.11, whtch handle fl over hn1f of Al Jon town I B garlrn,r,o, w l 11 
be filled to capacity. With the rapid urbnnizntion of' mnny 
arena of tho country, less donirnbla londflll niten w1.ll hnve 
to be utilized. Chance of pollution will tw r:r<rnter in the:rn 
now aiton and it 1.a imperntive to find n nolutlon to snvn tho 
water supply of nonrby resldentn. 
As the refuse 1.n n lnnclfill decompotHrn, g11fHH1 nrn 
given off into the a1.r and aoU.. Over ntnety p<n•cnnt of Uw 
gaaea produced are methane and carbon dioxide. Since cnrbon 
dioxide 1.11 highly soluble in wo.ter and honv1.or th11n nir, it 
will be cona1dered aa the major contributor to the pollution 
of ground wa tor•. 
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The appearance of carbon dioxide in groundwater has 
several consequances. Some of the gas will react with the 
water to form carbonic acid, If the rock below the landfill 
is limestone, this acid will dissolve it and cause the land-
fill to sink. More important, however, the amount of car-
bon dioxide in the groundwater controls the amount of mineral 
salts which the water will pick up and carry along. These 
salts are formed by the reaction of the gas with such min-
erals as calcium and magnesium. 
The importance of ground water quality depends upon 
the end use of the water. "If it is for domestic use of any 
kind it must be safe from the sanitary standpoint, neither 
too hard nor too soft.~(6) The water may become hard if 
minerals such as calcium react with carbon dioxide to form 
a mineral salt. Even though seldom encountered, there is 
always the possibility that the water might contain a poison-
ous gas such as methane. This gas is colorless, odorless, 
tasteless and extremely toxic. Since today the future devel-
opment of many of our cities and important industries is en-
tirely dependent on their groundwater supply, we carmot afford 
to pollute this source of water, 
Most research, for the control of gas movement into 
groundwater, has been in the development of physical barriers. 
Two of the major materials undergoing experimentation are the 
polyethylene and aaphal t liners, Since the polyethylene plas -
tic sheet is ausceptibleto damage by refuse and moving 
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machinery its use is limited. The asphalt liner, however, 
is not readily damaged by machinery and provides excellent 
resistance to gas movement in the soil. 
An asphalt liner is currently being manufactured by 
the MacMillan Ring-Free Oil Company in California. Having 
corresponded with them we are able to elaborate more on their 
product which is called the "Weathergard Fiberseal Liner." 
"The Weathergard Fiberseal Liner is a moisture imper-
vious lining for the containment of water in reservoirs, 
canals, irrigation ditches, storm drains, etc •• "(.56) The 
main constituents of the liner are a special mineral called 
1Weathergard Microphalt 1 and a fiber mesh. "The Weathergard 
Fiberseal Liner is a positive monolithic construction, having 
a continuous asphalt membrane applied to the prepared surface." 
(.56) Over this membrane is imbedded a natural or synthetic 
mesh and a coating of sand. "The mesh and sand coating are 
then welded into a continuous construction by the application 
of a second asphaltic membrane which penetrates through the 
sand-mesh coating and coalesces with the first membrane form-
ing an uninterrupted reinforced water impervious liner."(.56) 
Several characteristics inherent to the construction 
of the liner make it an excellent barrier for use in land-
fills. Having the mesh in the middle of the liner permits 
it to flex in any direction with considerable ease without 
creating undue stresses. This enables heavy equipment to be 
used and still cause no damage to the membrane. The sand 
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introduo~d to the liner lends bulk to the coating and serves 
as an abrasion deterrent. "The asphalt used in the Weather-
gard Fiberseal Liner is of high melting point base to insure 
a minimum of sag at elevated temperatures and also maintain 
resilience in low temperatures to resist cracking and will 
permit it to follow the subgrade in any settling or shifti~g 
that might occur."(10) The liner is, therefore, good under 
all weather conditions. 
Actual tests employing the asphalt membrane as a gas 
barrier have been conducted at the Calabasas test site loca-
ted in Los Angeles, California. After one month of working 
the lined pit, portions of the membrane were excavated and 
inspected. They appeared to withstand the pressure of the 
bulldozer quite well. "While there were many liner indenta-
tions caused by the gravel, the liner merely yielded to take 
the load, and no holes were seen. 11 (10) It was found that the 
Weathergard Fiberseal asphalt liner is an effective gas bar-
rier against carbon dioxide movement into the soil. If the 
liner is protected by six to nine inches of silty clay, it 
can reduce the flow of carbon dioxide by as much aa sov1mty-
five percent compared to the no barrier ~se, 
The cost of the Fiberaeal liner, installed, is $.135 
per square foot. Typical prices of other barrier materials 
range from $.07 to $.50 per square foot. In order to indi-
cate the additional coat that must be shouldered, the follow-
ing paragraphs preaent an economic study using the Bethlehem 
:\JI 
landfill as an example. 
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Any projects undertaken to install gas barrier mem-
branes would obviously have to be done in publically owned 
and operated landfills. No private owners would be willing 
or able to withstand the additional cost of such an operation. 
According to Mr. Yokem, Superintendant of Streets in 
Bethlehem, Pennsylvania, the Bethlehem landfill handles an. 
average of one thousand cubic yards of refuse each day, The 
complete rates for dumping may be seen in Table 2 of the Ap-
pendix. The bulk of refuse can be attributed to the large 
truck category which is almost entirely privately owned, The 
rate for trucks coming from within the city is $.30 per cubic 
yard. Other trucks coming from Fountain Hill, Freemnnsburg 
and Hellertown, Pennsylvania, are subject to the $1.00 per 
cubic yard rate. 
Consider a hypothetical trench 30 feet wide by 21 feet 
deep by 60 feet long. These dimensions yield a total holding 
capad. ty of 1400 cubic yards. Compacting at the Bethlehem 
Landfill reduces the volume of the material brought in by 
about one half. This means that the holding capacity of this 
hypothetical trench is now increased to 2800 cubic ya1•ds. 
The total surface area to be covered by the membrane 
is 4950 square feet, At the rate of $.135 per square foot 
for the installation of the Fiberseal asphalt liner, the 
additional cost of operation is $668.2,5. Mr. Yokem estimated 
that about 90% of the thousand cubic yards per day is subject 
to the $,30 per cubic yard rate. This means that about $840 
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will be acquired as income on the 2800 cubic yards or refuse 
deposited while $668,25 of this will be spent on the liner. 
The addition of liners to trenches in landfill opera-
tions is quite costly. The additional cost, however, can be 
made up by increasing the in-city rates for large trucks. 
Calculations show that an increase of $.25 per cubic yard · 
would completely cover the cost of the asphalt liner. This 
is about a 90% increase in rates which would be acquired by 
raising the disposal rates for private owners of refuse ve-
hicles. Complaints would surely arise, but the new rate of 
$.55 per cubic yard is still far less than the $1.00 per cubic 
yard that most private landfill sites charge. 
Using a hypothetical case and the Bethlehem landfill 
figures, it has been shown that the additional cost of a gas 
barrier can be absorbed if necessary. At the present, how-
ever, the Bethlehem landfill is in no need of this protec-
tion. Whether or not an increase in costs is warranted will 
depend on the benefit(s} to be gained by the addition of a 
/ 
liner. If the gases from the landfill are polluting the 
water supply of nearby residents, the extra cost must be 
overlooked and some type of gas protection barrier must be 
installed. 
The addition of a membrane seems simple enough, yet 
this alone does not entirely solve all the problems. The 
Fiberseal asphalt membrane is water impervious and, there-
fore, will help prevent flow and pos.sible pollution due 
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to leach~te. Since this membrane acts as a leachate barrier, 
the leachate will build up at the base of the trench and some 
form of leachate pumping or removal system must be provided. 
Thia may be accomplished by using a four inch Orangeburg pipe 
and a dipping bottle. A more sophisticated system might in-· 
elude a small submersible pump. 
It is not a simple matter to prevent groundwater from 
being polluted and often conBidorable amounts of money are 
required. If groundwater is the only aource of water, as it 
is in many parts of th~ United States, pollution must be avoided 
at all costs, and new techniques for control must be researched. 
2.35 Utilization of the Finished Sanitary LAndfill 
The sanitary landfill method of refuse disposal has 
been an accepted and systematized procedure that has been in 
practice for less than forty years. In that time, hundreds 
and perhaps thousands of acres of worthless and low value 
land have been improved by sanitary fills for extremely use-
ful purposes. Many cities have turned mosquito-laden pest-
holes into play areas, athletic fields, and parks. Others 
have used completed sanitary fills to extend airport runways, 
create parking areas and agricultural lands, or as sites for 
industrial buildings. These sites are relatively mainten-
ance-free and usually create no future problems for society. 
However, once a structure, form one- to multi-storied, is 
e:rected, certain critical problems ensue. But before such 
problems can be Ul)de:rstood, the subsurface character of the 
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landfill must be explained, for it is these materials that 
provide the all important foundation. 
Virgin subgrade - consists of rock, soil, etc. In 
other words, any existing material in. site before any fill 
material is added. 
Landfill - the fill material itself, the depth of 
which ranges from several feet to several hundred feet. Usu-
ally, in the case of a very deep landfill, the depth of ref-
use is no more than 20 feet, separated from the next layer 
by two feet of cover material. The type of refuse depends 
on the source of the refuse. The three major sources are: 
industrial, agricultural, and municipal. Since municipal 
waste is the most likely to be found in a vast majority of 
landfills in the country, a breakdown of its constituents 
would be helpful. In general, municipal refuse consists of: 
48% paper, 16% garbage, 6% glass, 8% metal, Cf/o yard trimmings, 
and 13% others. It is unfortunate that, in addition to the 
sometimes great depth of the wastes, the material itself is 
rarely uniformly distributed, thus causing extreme difficulty 
in determining the bearing capacity of the soil at the sur-
face for any one area. 
Cover - of various types, consists of that material 
used to overlay and separate the refuse cells. The field 
investigation of the potential site should include soil anal-
ysis to determine the suitability and the quantity of soil 
available for cover material. Soil with good workability 
and compaction characteristics is the most desirable cover 
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material. Sandy loam is considered to be excellent since it 
contains approximately 50 - 6<>% sand and the remainder is 
clay and silt in equal amounts with good workability and 
I 
compaction qualities, Cover at each days end, in addition 
. . '·" ,, ~,., ., ;.,1: ,, ' 
to other purposes, is necessary to prevent the release of gas 
and odors. For daily cover, a minimum of six inches of co~-
pacted sandy loam is recommended. For intermediate cover on 
lifts which will not have additional lifts placed on them 
within a year, a minimum of 12 inches of compacted sandy loam 
is recommended, A minimum of two feet of cQmpacted sandy loam 
is recommended for the final cover. The final cover should be 
placed over the fill as soon as possible to help assure that 
wind and water erosion do not expose the wastes. Where trees 
will be planted on the completed fill, a depth of three or 
more feet of compacted earth has been found necessary. When 
dealing with agricultural land, a depth of six to eight feet 
is required to keep the odor of the decaying refuse from 
entering into the growing crops. 
Solid wastes should be placed at the top or base of 
the working face, spread in thin layers approximately two 
feet thick and compacted. If a s.lope or ramp is used, better 
compaction will normally result if the wastes are spread and 
compacted from the base upwards. The degree of compaction is 
dependent on: a) character of solid wastes, b) the weight and 
type of compacting equipment, and c) the number of passes the 
equipment makes over the material. The actual density of the 
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landfill can be determined from operating records and data. 
The degree of compaction is a useful tool to determine the 
rate of space usage, expected life of the landfill, and the 
overall efficiency of the operation. 
The quantity of cover material is customarily expressed 
as the ratio of the volume of cover material to the volume·of 
compacted refuse. For example, a 1:4 cover ratio indicates 
that 20 per cent of the compacted volume of a landfill con-
sists of cover material, The cover ratio required for re-
sults consistent with good engineering practices varies with 
the type and location of the landfill and the proposed use of 
the completed site. The cost of procuring suitable cover on 
a site by private contract will range from about $0.30 to 
$1,00 per cubic yard, depending upon local conditions. 
Cover material is usually spread by bulldozer, bull-
clam, or carryall in a uniform layer over previously com-
pacted refuse. The types of equipment used on landfill sites 
for other purposes besides cover spreading are: a) track-
type tractors, b) track-type loaders, c) wheel-type loaders, 
d) tractor-drawn scrapers, and e) steel-wheeled compactors. 
Table 3 of the Appendix lists the needs of different size 
communities concerning the necessary number of tractors. 
The process of continuous mixing of cover material and 
refuse for optimum compaction has several disadvantages that 
make it impractical for large-scale operations and is there-
fore not recommended, Continuous mixing of cover and refuse 
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is difficult with the usual landfill equipment and materially 
increases costs. Surface layers of compacted cover are re-
quired in addition to the continuously mixed cover, thereby 
increasing the amount of cover material required. On the 
other hand, a continuous mix landfill may have less voids 
than one with conventional cell structure, thus slightly in-
creasing the refuse capacity and minimi~ing settlement. 
There may be cases in which the increased cost of the contin-
uous mixing process is justified, although by 1960 there were 
no landfills lmown to be using a true continuous mixing process. 
There have been special devices that have come out re-
cently designed only for landfill use. One in particular is 
a machine that completes the operations of massive trenching, 
compression and extrusion and was designed for the purposes 
of: a) excavating a deep narrow trench, b) compressing "as 
delivered" refuse in extruded rectangular bales, and c) de-
positing and covering the bales in the excavation. This 
rather costly and heavy machine is capable of handling large 
objects such as oil drums and even refrigerators, and is said 
to leave a well-tamped and level trench in its wake with no 
excess cover. 
With this understanding, it is now possible to examine 
the surface, lmown as the active area of a landfill. How the 
landfill reacts to natural settlement and different types of 
loading will be discussed below. 
Settlement - the amount that a sanitary landfill set-
tles, depends primarily upon what type of refuse is used and 
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how thoroughly it is compacted. Settlement generally varies 
from 10 to 25% within six months to two years, depending upon 
compaction techniques. If the refuse is compacted in thin 
layers of one to two feet as it is placed, the percentage of 
settlement will probably be low and the site can usually be 
used for recreational purposes within two years after its com-
pletion, although periodic maintenance may be necessary for 
parts of the site that settle unevenly. 
Fills on marshy lands, in boggy areas, and in ponded 
or open waters settle more and at a faster rate than do fills 
on dry land because of accelerated decomposition, subsurface 
subsidence, mud wave displacements, and sometimes leaching 
action. 
Many landfills must be checked periodically, depend-
ing upon local conditions. In any event, fills must be re-
graded occasionally and the surfaces must be maintained until 
the fill has become reasonably stable. 
Dynamic loading - is a type of loading characterized 
by moving loads (e.g., an airplane landing on a runway). 
Freshly placed, compacted refuse will support repeated load-
ings of large rubber-tired equipment ±n excess of 25,000 
pounds per tire. This supporting value is somewhat lower 
for older refuse fills, particularly when uncovered and wet. 
Failure to support this type of loading can dramatically -be 
seen in the large spongy heave of the soil as large equip~ 
ment passes across an area • 
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Static loading - is a type or loading most closely 
aligned with non-moving·loads, or more aptly put, stationary 
structures. Well seasoned refuse fills placed in wet areas 
will support uniform loads of about 2500 pounds per square 
foot if subjected to an equivalent pre-load for at least one 
year. Heavier loadings may require special foundation de-. 
signs, such as spread footings, or even in severe cases, pil-
ings reachin~·- down to the virgin subgrade. In such an event, 
the landfill is not at all utilized for any support-giving 
assistance, (The values given for the dynamic and static 
loading sections were for tests run on a refuse fill with an 
average in-place life of four years and an average compacted 
depth of 20 feet on top of a 10- to 15-foot layer o_f weak, 
compressible organic silt and meadow mat.) 
Construction practices - are discussed below. Since 
fills made with ashes, construction wastes, or similar inert 
materials pose few construction problems and since fills are 
seldom made of garbage only, the concern is with construction 
on fills made of mixed refuse. 
The following rules were formulated to help prevent 
hazards of methane gases in building on filled sites. They 
are based on the concept that: 
a) the subsurface gases could be intercepted and dissi-
pated harmlessly into the atmosphere through venting 
by means of suitably designed porous, gravel filled 
trenches or by pipes inserted into the body of the fill. 
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b) the discharge or landfill gases into structures could 
be arrested by means of subsurface enclosing envelopes 
of gas-tight construction. 
All structures built on land filled in part or in whole 
with putrefiable material must meet the following minimum re-
quirements. 
Houses: 
a) No cellars, basements, crawl spaces of similar open 
spaces shall be permitted below finished grade. 
b) The ground floor shall be at least one foot above fin-
ished grade and shall be of permanently gas-tight con-
struction. The fill immediately underneath shall be 
of nonporous materials to a depth of 24 inches. 
c) All pipes, ducts and conduits piercing the ground 
floor shall have gas-tight gaskets of an approved 
permanent nature. 
Multiple Dwellings: Use any one of the following three alter-
natives. 
a) Same as for houses. 
b) Provide a three foot high crawl space, above finished 
grade, under the entire area of the building. This 
crawl space is to be permanently ventilated through 
fixed louvered openings in the enclosing walls and 
having sufficient area to provide ten change~ of air 
per hour. The crawl space shall have gas-tight floor 
construction at the top and an impervious floor slab 
at the bottom. 
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c) ·It the.stl'UCture is to have a basement or cellar, it 
shall conform with the following minimum requirements. 
1. An approved continuous permanently gas-tight envel-
ope shall enclose the entire outside face of the walls 
and'the underside portion of the basement slab. 2. All 
pipes, ducts, and conduits.piercing this protect4-v~ 
envelope shall be equipped with gas-tight gaskets of 
an approved permanent nature. 3. Provide, above-grade 
fixed louvered openings through the outside basement 
walls so as to permit at least 10 changes of air per 
hour. 4. Install around the perimeter of the building 
a continuous trench, three feet wide by three feet deep, 
filled with gravel or similar other approved porous 
material. 
Industrial and Commercial Buildings: The superstructure con-
struction shall comply with that specified for multiple dwell-
ing alternatives "b" or 11 c11 above. 
Where 1mdecomposed or partially decomposed putrescibles 
are exposed, as in the construction of basements and trenches, 
putrefaction and release of odorous gases take place. The use 
of an oxidizing agent to control odors may be required. 
The above guidelines for construction over a landfill 
site point out the problems faced with methane emission. 
Methane gas is the principal gas emitted during the process 
of degradation of refuse in a fill. The greatest amount of 
gas produced from refuse will be emitted when the waste has 
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been lying underground from six months to two years. Usually, 
no problem exists with an open field, since the gas is emitted 
through the natural vents available, with no structures inhib-
iting its flow. However, in Chicago, an exception was re-
corded. In ·1960, during a severe winter snowfall, an open 
area of landfill was completely covered with snow. This snow 
prevented the normal escape of methane, thus forcing the gas 
to seek a different route of escape. The gas exited through 
a nearby sewer line. Eventually the methane collected in suf-
vicient quantity and a spark set off an explosion near a resi-
dential area. This example illustrates the possibilities ex-
isting when explosive mixtures of gases .e.nter into structures 
built on landfills. The gases can seep out of the fill and 
upward along an insulated water or sewer pipe from the fill 
to an enclosed area in the building. A spark from an elec-
tric fixture is all that is needed to ignite the gas. 
Landfill decomposition depends on many factors, includ-
ing permeability of cover material, depth of burial and rain-
fall, moisture content and putrescibility of the refuse, and 
degree of compaction. Garbage and rubbish are composed prin-
cipally of carbohydrates, fats and proteins. The elements 
of carbon, oxygen, hydrogen, nitrogen, and sulfur are most 
prevalent in organic refuse. Refuse in sanitary landfills 
decomposes slowly through the anaerobic process of decompo-
sition. Microorganisms of the soil and refuse are responsible 
for this decomposition. The organic acids of decomposition 
-55 
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tend to pickle refuse, especially in deep fills_. After many 
successive breakdowns through the feeding and growth of micro-
organisms and the action of their enzymes, the end-products 
are gases and humus material. Decomposition occurs anaerobic-
ally at elevated temperatures (approximately 160 degrees F). 
Methane and carbon dioxide are principal gases produced dur-
ing the process of degradation of refuse in a fill. 
Hydrogen sulfide is not a problem ordinarily on dry 
landfills. The diurnal entrance and exit of sea water high 
in sulphates into tidal marsh fills, however, may lead to a 
serious problem from the action of sulphates, which reduce 
bacteria and which in turn produce sulfides. Diking should 
be used outside the fill to prevent sea water from going in 
and out of the fill. A similar problem will arise if a sul-
fate-containing stream of water passes under or from the fill. 
The flow of water should be ditched around the fill in order 
to prevent contamination. 
The final item to be covered in this section will be 
the ultimate uses of sanitary landfills. Land reclaimed by 
landfill disposal operations can be a valuable asset to a 
city. Many uses - parks, playgrounds, golf courses, parking 
areas, landing fields, light industrial or commercial build-
ings - are suitable for completed fills. The use of a site 
may be restricted by its surroundings, however, and to some 
extent by the amount of settlement in the fill. A fill sev-
eral miles from a residential district is not a desirable 
' I •. 
' !i 
' \_' 
1 
i 
'• 
!'. ,. 
1: 
'.i 
. ' 
1 
: ! 
site for a playground or parking area., and a fill that can be 
expected to settle rapidly and unevenly is not suitable even 
for light construction. If a suitable use is decided upon 
for a fill site before the fill is begun, the method of opera-
tion and degree of compaction can be planned to provide for 
the needs of that use. 
Landfill sites used for landing strips for aircraft 
nm.st be well compacted and able to support., without excessive 
surface deflection, the wheel loads of the largest aircraft 
that will use the strip. A well compacted final cover two 
.feet thick should be adequate for a light plane strip; how-
ever, additional cover may be required if large cormnercial 
planes use the field. As with parking lots built on com-
pleted landfills, paving for landfill strips should be flexible. 
The degree of stability and depth of final cover for a 
completed landfill used for agricultural purposes, depends 
largely on the kind of agricultural use. Settlement is rela-
tively unimportant if a stockyard is to be built; two feet or 
less of compacted cover is adequate. If crops are to be 
grown on the completed fill, settlement is important if it 
affects irrigation channel grades, and final soil cover must 
be sufficiently deep and of suitable material for growing 
crops. Surface drainage channels should be paved or stabil-
ized to prevent erosion and leaching. The possibility of 
groundwater pollution from leaching by irrigation water must 
be evaluated before a decision is made to use a fill site for 
growing irrigated crops. 
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It must be noted that as of this time much informa-
tion for prevention and protection of structures on landfills 
is not known. Although the use of sanitary landfills in this 
country is widespread, it must also be stated that landfill 
operations have been curtailed in such large cities as New 
York and Baltimore, because of the difficulty in finding 
suitable sites within economic haul distances and because of 
the need to preserve sites for disposal of non-combustibles 
such as ashes and incinerator residue. However many other 
areas have the space available for landfill sites, and the 
continued research in understanding their operation is a 
vital need that cannot be overlooked. Therefore it is man-
datory that as the spread of landfill sites increases, the 
realm of knowledge covering structures built on landfills 
increases just as quickly. 
2.4 A Plan for the Environmentally Safe Disposal of Munic-
ipal Solid Wastes for Allentown, Pennsylvania 
2.41 Introduction and Background Information 
2.411 Allentown's Solid Waste Disposal Problem 
At present, solid waste in Allentown, Pennsylvania, is 
disposed of by incineration in the municipal incinerator or 
by landfill at the Novak sanitary landfill located in South 
Whitehall Township. However, earlier this year this inciner-
ator was cited by the Pennsylvania Department of Health for 
air pollution. Consequently, Allentown has been given until 
July JO, 1971 to stop the air pollution from the incinerator 
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by either installing control devices or else terminating the 
use of the facility. Novak's landfill does not have suffi-
cient remaining.space to handle all of Allentown's solid 
wastes for a significant time period; hence, Allentown is 
looking for new ways to dispose of its solid wastes. 
Allentown officials are now quite interested in pur~ 
chasing a quarry to use as a sanitary landf'ill. The lime-
stone quarry in question is owned by the Giant Portland Cement 
Company and is located in Whitehall Township about five miles 
north of Allentown. The quarry was mined actively until late 
1969 or early 1970 at which time the cement company terminated 
its operations. Allentown officials are presently negotiating 
with Giant Portland Cement Company to buy the property. Allen-
town must also reach an agreement with Whitehall Township offi-
cials before operation of the sanitary landfill in the lime-
stone quarry could begin. It is not surprising that the resi-
dents and officials of Whitehall Township are opposed to having 
Allentown's waste dumped in their township. If agreement is 
to be reached with Whitehall Township, one of the important 
· provisions will be a guarantee that the landfill will not 
harm the environment of the area. It is the purpose of this 
study to develop a plan by which Giant's quarry could be used 
as a sanitary landfill without polluting the environment. 
· 2.412 Proposed Landfill Location 
The quarry is located about one-quarter mile west of 
Pa. 145 and its intersection with Chestnut Street. This 
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intersection is about four miles north of the Pa. 145 inter-
change on U.S. 22. The location of the quarry in relation 
to the Allentown/Bethlehem area is shown on Map 1. A more 
detailed location is shown on Map 2 and Map 3 is a site plan 
of the quarry. 
2.413 Ph sical Characteristics of the Pro osed Location 
The area of the quarry is about 16~ acres as estimated 
from maps published from the Geological Survey. The walls 
are nearly vertical and range from about 30 to 100 feet in 
height. In the bottom of the quarry is a very substantial 
collection of water which we estimate covers roughly 60-70% 
of the total area of the quarry. A spokesman for the cement 
company stated that the lake is only about ten feet deep and 
is above the water table. We measured the depth of the water 
to be about 20 feet in one place and our survey party meas-
ured the level of the water surface to be about six and one-
half feet lower than the surface of Coplay Creek, a small 
stream which flows about 500 feet to the west of the quarry. 
These data lead us to believe that the lake is probably fairly 
shallow, but is below the water table. The fact that the bot-
tom of the quarry is below the water table poses a significant 
hazard of pollution of groundwater by leachate. The prevention 
of groundwater pollution is a major focal point of this study. 
The site of the quarry is surrounded by large tracts 
of land which are.owned by various cement companies; hence, 
the predominant land-use in the vicinity of the .quarry is 
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open space dotted with numerous other quarries. With the ex-
ception of a few houses located on the periphery of the quarry, 
there is no residential land-use within one-half to three-
quarters of a mile from the quarry. As the topography of the 
area is hilly, we would not expect that the operation of a 
sanitary landfill at the quarry site would cause nuisances to 
many residents due to noise, odor or visual detriments. 
The accessibility of the site to transportation routes 
is an important characteristic of the site which will influ-
ence its potential as a sanitary landfill for Allentown. 
Truck hauling of solid wastes will be facilitated by the prox-
imity of the quarry to Pa. 145 which leads to Allentown and 
U.S. 22. The roads which connect the quarry site to Pa. 145, 
a distance of about one-half mile, are of too poor a quality 
to handle heavy truck traffic as the cartway width is only 
18-20 feet. Improvement of the local access roads should be 
made before the proposed landfill could be put into use. Ac-
cess to the site by railroad would be important in the event 
that one or more transfer stations were located in urbanized 
areas to collect wastes for hauling to the quarry. Tracks 
of the Ironton Railroad pass by the quarry and connect with 
the tracks of the Lehigh Valley Railroad on the west bank of 
the Lehigh River. Nearly all the urbanized areas in the 
Lehigh Valley have access to the quarry site through the rail-
road system; hence, the quarry could be used as a regional 
disposal facility. 
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The soil and geologic conditions at the quarry are 
important characteristics in that these factors greatly in-
fluence the overall suitability of the site tor use as a 
sanitary landfill. The Soil Conservation Service (SCS) has 
mapped soi~s in Lehigh County on the basis of the pedologic 
classification system which is based on parent rock forma-. 
tions rather than engineering properties of the soil. Also 
the SCS provides a list of limitations for each soil type 
tor sanitary landfills. The SCS identified the soil in the 
area in question to be a Ryder silt loam which presents a 
moderate limitation due to a limited depth of soil. This 
means there is a lack of cover material in the srea which is 
a problem that must be overcome in this plan. The geologic 
formation in the area is the Jacksonburg limestone formation 
which is extensively used in this area for the manufacture of 
portland cement. The thickness of this formation varies greatly 
across the country, but in the Egypt-Cementon-Ormrod area, in 
which the Giant Company quarry is located, the depth of the 
formation is generally 600-700 feet and is not less tha 200 
feet. The Beelanantown formation underlies the Jacksonburg 
formation and is a dolomitic limestone, Both of these forma-
tions are susceptible to erosion by meteorlogical water which 
creates solution channels. The solution channels would allow 
for a direct path for leachate to flow into groundwater sup-
plies. This high potential for groundwater pollution will be 
dealt with in the course of this study. 
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Water supply and sewerage facilities in the vicinity 
of the quarry will both affect this plan. Sewerage facili-
ties are important because of the possibility of disposing 
of collected leachate to the sewer system to be treated at 
the sewerage treatment plant. Advantageously, a ten-inch 
diameter sewer interceptor line runs along Coplay Creek from 
Egypt toward the Allentown Sewerage Treatment Plant. 
Water supply information is needed in order to deter-
mine whether supplied water will be contaminated by leachate. 
The following data refers to residents of Whitehall Township 
as of 1969. About 13,500 persons are served by the North-
ampton Borough Municipal Authority which receives its water 
from springs along the Yellow Creek and from the Lehigh River. 
The Allentown Water Authority services 200 persons with water 
from the Lehigh River and from the Schantz and Crystal Springs. 
The Evergreen Park Water Company serves 350 people and uses a 
private well for its source. The Whitehall Township Authority 
serves another 350 persons with water which it receives from 
the Allentown system. The remaining population of about 
2,100 receive water from their own private wells. 
Groundwater in limestone areas flows mainly in well-
defined open channels formed by solution along ordinary joints 
and bedding planes. Unfortunately, data on limestone wells in 
limestone regions is incomplete. The data on Lehigh County 
wells does not distinguish between the various types of lime-
stone formations, but the water level in most wells in limestone 
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areas is less than 100 feet below the surface, Data is more 
complete for Northampton County wells as the various types of 
limestone formations in which the wells are placed are iden-
tified, The depth to water level in two wells in the Jackson-
burg .formation was given as 80-85 feet. Although the applica-
bility of this data to the quarry in question is a little sus-
pect, they do reinforce our feeling that the lake in the bottom 
of the quarry is groundwater rather than a collection of sur-
face runoff. 
Precipitation data and temperature data will influence 
the design of the collection and treatment system since these 
data will be used to predict quantities of leachate formed 
and possible freezing problems in the pipes and on the sur-
face of the landfill. The data in Table 4 were collected at 
the weather station at the Allentown/Bethlehem/Easton airport 
and is based upon data taken from January 1931 through Decem-
ber 1970. 
2.414 General Project AEproach 
At present, guidelines published by both state and fed-
eral agencies aim at controlling leachate generation by at-
tempting to keep water from infiltrating into the refuse cells. 
Pursuant to this goal, the guidelines usually take tho follow-
ing general form. 
a) The fill material should be placed in such a way as 
to avoid continuous or intermittent contact between 
the solid wastes and the water table. 
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bl A relatively impervious soil cover should be provided 
to prevent infiltration of rainwater into the solid 
·waste cells. 
· ... ~) ·,The fill should be: de-rtigned for proper drainage of 
I7,1et-eorlogical ·-water away from the waste material. 
The,. problem with the above guidelines is that they probably 
only prevent the fill from becoming saturated for a long period 
of time. Eventually the fill will become saturated despite 
the care taken to keep water out of the fill and then leachate 
will begin to form. This phenomenon is inevitable in an area 
where precipitation exceeds evaporation as is the case in the 
Lehigh Valley. Hence, the consequence of the present pub-
lished guidelines is that leachate is formed not in a few 
years but in some incalcuable time period which may require 
50 years or more. It is the opinion of the members of this 
project group that it would be better to remove the wastes 
potential to pollute the groundwater rather than to bury the 
pollution hazard and hope that the potential pollutants do 
not enter the groundwater resources at some future date. 
Our approach to control leachate is to allow water to 
enter the solid waste cells so that the refuse will have all 
of its potential for groundwater pollution removed. This 
entails the collection and treatment of leachate for a period 
of time until the leachate is of a high enough quality that 
it no longer requires further treatment. We hope that by 
allowing even more water than rainfall to circulate through 
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the refuse that the time during which the leachate requires 
treatment can be reduced by a large amount. In any event, 
collection and t~eatment or leachate will be a difficult task. 
It is even further complicated in this case because of the 
large size of the quarry involved, because the landfill is 
expected to be operated for about 40 years and because of the 
fact that the bottom of most of the quarry is below the water 
table. 
The initial concern of the following section of the 
report will deal with the proper preparation of the landfill 
site. This will include a discussion of the various design 
parameters influenced by the fact that the quarry bottom is 
below the water table, The final detailed site preparation 
design will then be presented, 
Due to the aforementioned reasons, the design of the 
collection and treatment system will be one of the major ef-
forts of this project. The first step will be to estimate 
the amount of leachage that could be expected in this pro-
posed sanitary landfill. Several alternate designs .will be 
discussed and the recommended design will be described in 
detail, 
Cover material and the proper method of deposition of 
the waste material will also be discussed. These items are 
somewhat standard in landfills which are designed on the 
basis of existing guidelines, However, due to the unusual 
nature of our design, the cover material and method of 
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. deposition will be different than those designed for typical 
sanitary landfills. For instance, our design will require a 
pervious cover material and the filling :must be accomplished 
with special care so that the waste material spreading equip-
ment does not crush the pipes used in the collection and treat-
ment system. 
Not of little concern is the preparation and application 
of the solid waste material at the proposed sanitary landfill 
site. This section will describe the importance of proper 
preparation and application as well as detail the equipment 
and methods used for this purpose. 
In addition, it is important to identify both the costs 
and the benefits of our design. In this way we hope to show 
that protecting the environment is costly, but that in the 
long run the benefits justify the expenditures. We feel that 
justification of the expenses involved will lead to a more 
realistic attitude of public officials toward the task of 
protecting our environment. 
Some aspects of the operation of the landfill facility 
are beyond the scope of this project in terms of specific de-
signs. We will lastly however make some general recommenda-
tions concerning how we think these items should be handled. 
We realize that the quarry in question poses more 
problems than other quarries will present because of its 
particular physical characteristics. However, we still de-
cided to use this site in our project because of the interest 
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of Allentown officials in purchasing the quarry for a sani-
tary landfill. In f'act, we feel that if' the problem of' ground-
water pollution can be overcome at this quarry, then almost 
any other site, using our recommendations, could be operated 
as a sanita~ landfill without polluting the groundwater. 
2.42 L.andfill Site Preparation 
Data in section 2.431 indicate that it is not feasible 
to pump water from the quarry for the period during which 
refuse below the water table still has potential for pollut-
ing the groundwater. The only alternative then is to fill in 
the lake with clean fill materials. 
2.421 Cost and Volumes for Filling the Lake 
The surface area of the lake is 8.2 acres or 358,000 
square feet (see Map 4). We estimate that the lake has an 
average depth of 20-23 feet during periods of high water 
table. Thus we recommend filling the lake to a depth of 25 
feet to insure that refuse will not come into contact with the 
water table, From this data, the volume of the required fill 
will be 332,000 cubic yards. The fill material will be taken 
from six borrow areas (BA) in the vicinity of the quarry site. 
The numbering system for the BAs is shown on Map 4, 
Borrow area 1 is located in a portion of a smaller 
quarry which is just north of the proposed site, The mater-
ial is a fine soild and is suspected to be overburden from 
the main quarry. The area is about 182,000 square feet with 
an average thickness of about 18 feet, Thus the available 
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volume is approximately 121,200 cubic yards. Some of this 
I 
material will be used to fill the lake and a major portion 
will be used for the final cover (two feet thick) when the 
landfill is completed. 
·The material in borrow area 2 is soil and rubble which 
has fallen from the top of the quarry walls. The available 
volume was estimated to be about 30,000 cubic yards during a 
visit to the site. 
Material from borrow area 3 must be removed from the 
quarry walls as a safety measure. At present, the walls in 
BA 3 are vertical and about 100 feet high. Our fear that 
this constitutes a safety hazard is substantiated by the large 
volume of material which has fallen into BA 2. To reduce the 
hazard, we propose that the walls be cut back on an incline 
with a 2:1 slope. This will produce about 157,500 cubic 
yards of material for use in filling the lake. 
Borrow area 4 is very similar to BA 3 except that the 
vertical walls are only about 40 feet in height. Cutting 
this wall back on a 2:1 slope will produce about 13,300 cubic 
yards of fill material. 
Borrow area 5 is a large peak with a maximum height 
of about 75 feet. As a safety measure, this area will be 
cut as shown on Map 4 which will produce 91,500 cubic yards 
of fill. 
Borrow area 6 consists of a small excavation which will 
be made for the leachate holding pond. The details of this 
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'design will be given in section 2.432. The dimensions of 
the pond will be 95 feet·by 95 feet by 6 feet deep, thus the 
volume of fill generated will be only 2,050 cubic yards. 
The suggested sequence for the excavation and place-
ment of each of these borrow areas is as follows. First areas 
4, 5 and 6 will be placed since these materials will fall dir-
ectly into the lake. Areas 2 and 3 will next be placed. Last-
ly area 1 will be placed since this material will be the eas-
iest to grade to the proper slopes which will be mentioned in 
the following discussion of the impermeable liner. Table 5 
of the Appendix summarizes the various volumes and costs of 
each borrow area. 
The unit costs in Table 5 were adjusted somewhat from 
the values listed in the source for this table {NCE). The 
unit costs for borrow areas 1 and 6 were taken at the listed 
values for cut and fill of normal soil. Borrow area 2 is 
composed of a mixture of soil and rubble so the unit cost 
was taken as a weighted average of $1.25/cu,yd. for soil and 
$6.00/cu.yd. for rubble, The remaining borrow areas consist 
of weathered rock and so blasting will be necessary. The 
NCE listed $12.50/cu.yd. for blasting and removal of rock; 
however, we felt that lower values were justified as the 
rock will not be moved very far. The unit cost for BAs 4 
and 5 were taken slightly less than the value for BA 3 be-
cause these areas overhang the area to be filled. The total 
preparation cost for all six borrow areas amounts to $1,6·09,000. 
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2.422 The Impermeable Liner 
I 
There are two alternate types of liners that we con-
side:red for this project. One is an asphalt coated soil 
cement mixture that is going to be used in the Montgomery 
County landfill that we visited during the course of our work 
on this project. The other possibility is a Weathergard 
Fiberseal asphalt liner. The prices are very similar: soil 
cement mixture at $1.30/sq.yd. versus the Fiberseal liner at 
$0,135 sq.ft, ($1.225/sq.yd.). We decided against the soil 
cement mixture because we felt it would be susceptible to 
cracking because of differential settlement of the surface 
below. On the other hand, the Weathergard Fiberseal liner 
was found to adjust well to differential settlement in tests 
(in situ) performed in California. 
The areas to be covered with the liner are the bottom 
of the quarry area and some of the inclined walls. The 100 
feet high walls will be covered two-thirds of the way up and 
the mildly sloping wall on the west side will be completely 
covered. Our feeling is that the 40 feet high wall does not 
need to be lined as leachate there will naturally drain toward 
the pump (to be discussed in later sections). The area of 
the bottom of the landfill is 810,000 square feet and the 
total area of the walls is approximately 199,000 square feet. 
Therefore the total cost of the liner will be $136,400. 
Within a 100 foot radius of the collection pump intake, 
the liner will sl·ope downward toward the pump intake at a 
Jl 
I t . 
i l; 
I• . 
l 
[. 
,_J 
/:f 
.i 
I 
. ! 
I 
.. 
i 
'J Ii, 
I' 
.I 
. ' 
I 
i 
I 
. : :i 
'. 
'· 
' 
·~ . i 
i 
•.• ,,i-:•;-.,, ,•'·,·, 
slope of 1/16 inch per foot. At a distance of 100 feet from 
the collection pump there will be a sharp incline three feet 1. • 
in vertical height at a slope of 1:10. This will create a 
bowl for the collection of leachate at the pump intake. The 
balance of the liner will slope at the same rate of 1/16 
inch per foot. The distance from the edge of the collecti9n 
bowl to the farthest point of the fill area is 1200 feet. 
This end will be about 612 feet above the lip of the collec-
tion bowl and about Cf~ feet above the pump intake. 
The liner will need to be covered with a thin layer 
of coarse material for protection and to create a very per'" 
meable drainage course for leachate. We feel the best mater-
ial would be slag from the Bethlehem Steel Corporation plant 
in Bethlehem, Pennsylvania. The thickness of the layer will 
be six inches, covering the 810,000 square foot bottom of 
the quarry. Thus the required volume will be approximately 
15,000 cubic yards. We believe the purchase price will be 
about $1.00/cu.yd. and estimate the hauling costs will be 
about $2.20/cu.yd. for a total of $3.20/cu.yd. Hence, the 
total cost will be approximately $48,ooo. 
When the landfill is completed in about 40 years a 
two foot final cover will be needed. For this purpose, 
72,900 cubic yards of soil will be reserved in the small 
quarry north of the main quarry. At $1.25/cu.yd., the cost 
of the cover will be $91,000; however, for the purpose of 
the benefit/cost analysis, this sum will have to be brought 
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back to its present worth. The present value of the $91,000 
~xpenditure, 40. years in the future at the rate of 6~, is 
$8,900. No intermediate cover will be required since the 
refuse surface is intended to be exposed to the sun and air. 
A summary of all costs for site preparation is pre-
sented in Table 6 of the Appendix. The total site prepara~ 
tion cost is approximately $1.9 million. 
. . .. '"'" .. 
An additional problem which will now be covered is the 
determination of the total volume of refuse that can be placed 
in the proposed landfill. Map 5 of the Appendix shows the 
finished contours of the landfill. This map was used to es-
timate the total volume and this volume was found to be 
slightly over three million cubic yards. Additionally, the 
total weight of refuse that can be placed in the landfill is 
needed to calculate the cost per tonnage. Many similar stud-
ies use a value of 1000 lbs,/cu.yd. for refuse density in a 
landfill. We feel this estimate is high, but we have also 
used this value in this project so that our cost per tonnage 
may be compared with that of other studies. Using this aver-
age density, the capacity of the proposed sanitary landfill 
will be about 1,5 million tons. 
2.43 Collection and Recirculation System 
2.431 Discussion of Alternate Designs 
The lake that exists at the lower level of the quarry 
poses an extreme threat to the groundwater supply of the area 
if it is indiscriminately filled with refuse. Leaching 
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condit~ons would quickly.pollute this body of water. It is 
the firm belief of this project group that this small lake 
is at the water table, not above. Even during the drier 
periods of the year there is still a large quantity of water 
in it. Being part of the actual groundwater supply, this 
water nru.st be saved from possible leachate pollution re-
sulting from the landfill. 
To prevent the p·ollution of groundwater in the area it 
was decided that a collection system must be employed to col-
lect the leachate. This system will also be a vital part of 
the recirculation system devised for the operation. The 
problem that arises is how to deal with the existing lake on 
~quarry bottom. Discussion will.now be made of two alter-
nate plans we considered to solve this problem. 
Alternative A would be to draw the water table below 
, 
the floor of the quarry. This would entail and involve a 
system of "french drains" with the bottom layer of drains 
lowering the water table and the top layer collecting the 
leachate from the landfill (see Figure 1). At first this 
appe~red to be the proper solution since we would lose only 
a minimal fillable volume with this drainage system. How-
~ver, upon closer inspection several serious problems developed. 
If we lower the water table in the bottom of the quarry 
by this system we will have to pump the discharge from these 
drains into Coplay Creek. This pumping expense would be ad-
ditional to that expense required for recirculation pumping. 
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Wells in this area which are at about the same depth as the 
lake in the quarry yield anywhere from 15 to 150 gallons 
per minut.e from a hole less than one foot in diameter. Be-
cause of the large area of this lake it is conceivable that 
we could receive as much as 1000 gallons per minute or even 
more from the surrounding aquifer. Only a fraction of a vol-
ume as large as this could be used for recirculation. This 
flow would also be continuous (however it may fluctuate from 
season to season) and would have to be pumped continuously 
until the refuse below the water table was stabilized and no 
longer posed leaching problems. 7.'his pumping process would 
probably have to be maintained for at least five years for 
alternative A mentioned above. For alternative n mentioned 
later, this pump would only have to run until the lake area 
was filled with refuse. 
Another problem resulting from thls drainage system 
( alternative A) would be the ability of Coplay C.reek to ac-
cept this discharge, especially during flooding conditions. 
A holding tank could be built to relieve stress durlng flood 
periods, but this holding tank would have to be extremely 
largo to handle these volumes and thus much fillable area 
would be lost. 
A third problem will be the cone of depression thnt 
would develop in the water table of this area. Essentially 
we would be operating a large well. Admittedly the cone of 
depression would be lessened on one side of the quarry because 
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ot tho :recha:rging ettect that the wate:r dieoha:rge into Coplay 
Oitoek would have (vetev to Figul'e .3), · The cement .company . 
might also have had this problem when they we:re wo:rldng the 
quavry, but they were probably excavating only part of the 
quarry at a time and consequently were pumping a smaller vol-
ume of water and thus reduced the cone of depression. We . 
feel that at the present time the state would not allow oper-
ation of the above system of drains because of the resulting 
cone of depression it would cause in the water table. 
Other problems associated with alternative A would in.-
elude the large numbe:r of pipes required to successfully lower 
the wate:r table. The pipes would also have to be protected 
from crushing due to heavy equipment loads, The aides, as 
well as the bottom of the pit (e~pty la~e), would have to be 
sealed, alternative A, or the cell would have to be sealed 
when the plateau floor was reached, alternative I3 (refer to 
Figures 1 and 2). One of these alternatives Would ha·ve to 
be foliowed to insure that the groundwater would not be af-
fected by leachate. The cost of sealing the quarry sides 
would no doubt be high (around $.15/sq.ft.) since the sides 
are vertical and the cheaper material that could be used. to 
seal the bottom and plateau regi_ona would be difficult to 
hold in place on the aides before the pit was filled with 
r~fuse. The total coat of the aide sealant alone would be 
around $9000, Without use of either alternative, A or B, 
loaohate could flow directly into the groundwater. 
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Altel'l'lative B, which we recommend, is to till the lake 
area in, seal the whole floor, and build a. continuous system 
ot drains ovex- the floox- in order to collect the leachate (see 
Figure 2 and x-efe:r to sections 2 .422 and 2 .432). This d:ra,in-
age system would be much less complicated and would be hand-
ling a smaller volume of water. Essentially this system 
would only have to handle the rainfall that falls on the fill 
site, water that infiltrates the area above the water table 
and water which we propose to recirculate and distribute on 
the eurface of the landfill. Also, there would not be the 
duplication of the leachate collecting system within 15-20 
feet as there would be with the previously discussed system. 
We have estimated that it would require approximately 340,000 
cubic yards of fill material to fill in the lake. We esti-
mate this filling operation can be done for about $0.20 to 
$0.JO per cubic yard (about $75,000 to $80,000 total) by 
uoing p~rt of the quarry walls and plateau floor. This would 
eliminate the hauling costs and would also compensate for 
volume lost by filling in the lake. 
One serious problem could develop if extreme settle-
ment were to occur in the filled area. Thia could cause 
severe damnge to the leachate collection system and break 
the seal on the plateau floor, thus allowing leachate to 
escape in to the groundwa te:r. Rxt.reme care must the1:~e fore 
be taken to enaure proper compaction of the fill, It will 
probably be necessary to bring in some fine soil aa moat of 
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the till gener~ted at the site will be or a coarse grade. 
Oare must also be taken to ensure that solution channels and 
resulting sink holes will not develop in the plateau floor. 
The proper sealing material can provide this security. 
Before any type of treatment system CR.n be designed the 
nature of the wastes to be treated must be known. The compo-
sition of leachate can vary greatly from site to site and it 
can also change significantly from month to month at the same 
site, as the report from Drexel Institute indicates.(22) 
The first approach might be to treat this leachate bio-
logically. However, several serious problems develop. A 
significant problem is that biological treatment is better 
suited to continuous processes. The flow rate of leachate 
exiting a fill site is far from constant. Once a sanitary 
landfill is operating at field capacity, i.e., refuse and 
cover are saturated, the flow of leachate is directly pro-
portional to the amount of water available for infiltration. 
Although this condition existed in the tests at Drexel, it 
could only be approached as a limit in the field since new 
refuse would·be added daily and it would take some time for 
this refuse to become saturated. However ns the fill in-
creased in depth this effect would become less significant. 
In biological treatments (activated sludge, rapid BAnd fil-
ter, trickling filters) the process is dependent on bacteria 
that live in an aquatic environment. These systems must be 
operated continuously in order to keep tho bacteria alive. f 
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Thus intermittent flows would make a system ,or this type 
difficult to operate. 
A second drawback of biological treatment systems is 
that they consume space that could othe~ae be used as fill 
area. ~ ~ 
Isolated samples of leachate from the Bethlehem, Penn-
sylvania landfill were treated by the activated sludge pro-
cess. These samples were found to have a COD around 1000 ppm. 
A problem that resulted from the activated sludge process was 
that not enough sludge could be generated to sustain a con-
tinuous biological decomposition. Upon inspection of these 
samples it was found that they contained very little organic 
matter. This fact was probably due at ieast in part to the 
. high iron concentration (the Drexel reports show iron concen-
trations as high as 1600 ppm). This lack of organic matter 
ruled out the activated sludge process. 
~averse osmosis filters have been suggested as a treat-
ment process. However, with the high total solids content 
(in the Drexel report as high as 40,000 ppm) it se~ms likely 
that these units would not be well suited for the job. An-
other problem associated with reverse osmosis filters is 
that the "Total solids increase with increasing leachate 
volume and decrease with decreasing volume. This pattern 
shows the 1washing--action 1 effect as the leachate moves 
through the refuse. 11 (22) Thus, not only would the filters 
have to handle a high flow during wetter periods, but these 
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flows would also be more difficult for the filters to treat. 
However, it may be possible to dilute the leachate with ground 
or surface water from the site and thus make it acceptable for 
this type of treatment. 
A workable treatment system would probably be a combin-
ation of several physical and chemical processes. The steps 
of such a system are listed below • 
. a,) Aeration 
b) Flocculation 
c) Sedimentation 
d) Filtration 
e) Disinfection 
f) Reverse Osmosis 
Specifically used for iron oxida-
tion, thus lowering the iron con-
centration. 
For processes "b", "c" and "d" ex-
perimentation would be necessary to 
I 
determine the best chemicals to use. 
These processes would further re-
duce the total solids concentration. 
Used if extremely high quality is 
desired. 
The above system would be well sulted to batch treatment and 
would not require continuous flow for efficient operation. 
As was mentioned in the beginning of this section, be-
fore wastes can be treated, their composition must be known. 
The above system could no doubt be adequately designed for 
an existing operation with lmown leachate composition. How-
ever, one of our major problems is that we do not know what 
the composition of the leachate from our proposed site will 
be. Because of the unusual filling techniques and the 
n. 'r 
~ ~ . 
I , ;r I 
~ 
'I 
' i 
' 
i 
. I 
l 
l 
( !, 
ii .· 
~ 
/ I 
i 
recirculation of the leachate through the refuse- cell it is 
virtually.impossible to predict what the composition of the 
leachate will be and how it will vary with changes in the sur-
rounding physical conditions. Any system designed now could 
easily be grossly over or even under designed. It is there-
fore our recommendati'on that no treatment system be design~d 
at this time with such a limited knowledge of leachate com-
position. 
The alternate system we have proposed is to hold the 
excess leachate (i.e., that left over from the recirculation 
process) in a detention tank and discharge the excess into 
the sanitary sewer interceptor line. There are several 
reasons why we feel this can be done ,without creating any 
~ajar problems at the landfill or at Allentown's sewage treat-
ment plant. First of all it is by far the most economical 
means of safely disposing of the collected leachate. The 
only costs involved will be the construction of the detention 
tank and the pipe to hook up to the interceptor line. Sec-
ondly we feel that no harm will be done to the sewage treat-
ment plant as a result of this discharge. 
reasons for this: 
There are four 
a) the amount of leachate discharged is negligible com-
pared to the flows handled by the sewage plant, 
b} the leachate is entering Allentown's sewer system 
at the opposite end from the sewage plant, thus by 
the time the leachate reaches the plant it will have 
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been diluted to the point where it is almost indis-
tinguishable from domestic sewage, 
c) the sewage may actually help to treat the leachate 
while enroute to the plant, i.e., more biological 
decomposition may take place, and 
' ' 
d) the leachate can be discharged into the sewer syst~m 
at the proper time so as to not overload the system. 
This discharge will mainly affect the immediate inter-
ceptor as the volume of the leachate is so low that 
the rest of the system would not be affected by it. 
More detailed explanations of the above stated reasons are 
presented in section 2.432. 
In summary of the preceding discussion it is our recom-
mendation t~t the lake area that presently exists at the pro-
posed sanitary landfill site should be filled with clean fill 
material toaheight several feet above the water table, This 
upper surface should then be sealed with an impermeable layer 
and a system of draini for c·ollecting the leachate should be 
constructed, The collected leachate should then be recircu-
lated through the refuse and excess leachate should be dis-
charged into the nearby sewer interceptor line, 
2,432 System Design 
·~ As stated in the preceding discussion, it is not 
thought possible to drain the lake and hold the level of the 
lake down by continuous pumping. We estimated that we would 
have to pump about 1000 gallons per minute (gpm), 24 hours 
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been diluted to the point where it is almost indis-
tinguishable from domestic sewage~ 
c) the sewage may actually help to treat the leachate 
while enroute to the plant, i.e., more biological 
decomposition may take place, and 
d) the leachate can be discharged into the sewer syst~m 
at the proper time so as to not overload the system. 
This discharge will mainly affect the immediate inter-
ceptor as the volume of the leachate is so low that 
the rest of the system would not be affected by it. 
More detailed explanations of the above stated reasons are 
presented in section 2.432. 
In summary of the preceding discussion it is our recom-
mendation that the lake area that presently exists at the pro-
posed sanitary landfill site should be filled with clean fill 
material to a height several feet above the water table. This 
upper surface should th&n be sealed with an impermeable layer 
and a system of drains for collecting the leachate should be 
constructed. The collected leachate should then be recircu-
lated through the refuse and excess leachate should be dis-
charged into the nearby sewer interceptor line. 
2.432 System Design 
As stated in the preceding discussion, it is not 
· thought possible to drain the lake and hold the level of the 
lake down by continuous pumping. We estimated that we would 
have to pump about 1000 ga+lons per minute (gpm), 24 hours 
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a day. A more detailed calculation yielded a rate of 1260 gpm 
from the aquifer in this area, We then checked with several 
cement companies in the two-county area. National Portland 
Cement Company has an operating quarry similar to the one 
we are considering. Monocacy Creek flows close to this quarry 
and National reportedly pumps 10,000 gpm, Another cement oom-
pany in Nazareth, Pennsylvania, operating a "relatively dry" 
quarry, reportedly pumps 500 gpm. Thus we feel sure that our 
initial estimate of 1000 gpm is the mininrum flow we could ex-
pect; it would probably be significantly more than this quan-
tity, A representative from A, W, Martin Associates remarked , 
at their fill site now under construction in Montgomery County, 
Pennsylvania, that if you had to pump over 100 gpm to keep the 
water table down it would not prove to be economical, However 
they were referring to a flow rate of about 100 gpm and a 
static head of 170 feet, Our static head would only be about 
40 feet. However, our flowrate would be at least 10 times 
their 100 gpm flow rate. This information 
decision to fill in the lake. 
rein!QZ'ces 
C: 
our 
As was explained in section 2.431, it was decided to 
collect and recirculate the leachate that would result from 
this sanitary landfill. Since there are many unknowns, the 
following system is at best an approximation of an optimum 
collection and recirculation system. It does, however, give 
a fair indication of what the system would cost, 
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The first step in designing the recirculation system 
0 
. 
is to determine the flow rate. RRintall data for this region 
shows a mean annual rainfall of 42.71 inches (for the period 
1931-1970). We decided to design the distribution system so 
that it ~as capable of recirculating three times the mean 
annual riinfall. Thus the system would have to handle 140. 
gpm if recirculation contipued 24 hours per day. Since it is 
not practical to recirculate over the entire fill area while 
refuse spreading is taking place, we decided to operate. the 
distribution system eight hours per day. This would demand 
a system that could dist~ibute 420 gpm. 
Next we had to decide just how to return the leachate 
to the fill in a uniform manner. Spraying the leachate into 
the air clearly had many advantages. First of all, aerating 
the leachate is a significant step in its treatment. This 
would greatly reduce the amount of iron in the leachate. 
Secondly, the aerated leachate would be high in dissolved 
oxygen and thus would help to keep the upper regions of the 
fill aerobic. This would in turn provide for faster decom-
position of the refuse. Also spraying would result in an 
even distribution of leachate and be less apt to form solu-
tion channels through the fill. 
While spraying the leachate has its advantages, there 
are also some problems associated with it. We plan to use 
the entire area of the fill site throughout our operation. 
However, it would be very difficult to spray the entire area 
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at one time; head loss would be astounding and the distribu-
tion pumps would have to be very large. We have trnis decided 
to use a system of 15 four-inch pipes, running parallel, 50 
feet apart, over the surface of the fill. One end of these 
pipes would be connected to a six-inch feed line. Referring 
to Figure 5~ this line would come from the distribution pump 
which would receive its supply of leachate from the holding 
pond. Each of the four-inch p!pes would have a two foot 
segment of two-inch pipe and a Rainbird spray nozzle (simi-
lar to those used for irrigation purposes) attached to it 
every 50 feet. Referring to Figure 6, these nozzles would 
cover a circular area with a radius of 25 feet. During the 
eight hour distribution cycle, only five of the 15 four-inch 
pipes would be open. This system is very flexible. The 
operator could wet areas more or less as desired. This sys-
tem could also be easily used to wet the landfill in its 
initial stages, and therefore to bring it rapidly to its 
saturated state and thus its field capacity. Once the system 
is completely saturated, there should be a relatively constant 
volume of leachate for the distribution system. However, as 
the fill progresses, the increased depth of refuse will no 
doubt decrease the necessary recharge rate to maintain the 
recycling flow, To solve this problem simply more leachate 
will be allowed to accumulate in the fill (i.e., by a reduc-
tion of the discharge rate to the sewer). 
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The four-inch pipes will be spaced 50 feet apart to 
allow room to spread the refuse. The refuse will be shredded 
and thus should be fairly easy to spread evenly over the fill 
\ 
area. One end of the four-inch pipes will stop about 50 feet 
from the wall of the quarry (refer to Figure 5). This will 
allow the spreading equipment to move about easily from one 
row to another. At the other end where the four-inch pipes 
connect to the six-inch feed line, the pipes will be covered 
with wooden skids to prevent them from being crushed by the 
spreading machinery. About once every three weeks the four-
inch pipes and six-inch feed line will have to be lifted up 
and placed on top of the refuse. A simple roller device on 
the spreading equipment could be used for this purpose. 
The leachate will be collected by a pump at the low 
end of the fill site (refer to Figure 5, "collection pump"). 
This pump will be situated on the sealed floor of the fill 
and will pump the collected leachate to a holding pond 
(refer to Figures 4, 5 and 7). This pump will be in a con-
crete shelter with a maintenance shaft leading to it from 
the top of the bank. At this location the maintenance shaft 
will only have to be about 40 feet in depth. It will take 
the collection pump eight hours to fill the holding pond. 
At the end of this period the valve in the distribution pump 
(refer to Figure 5) will be opened and the spray distribution 
of the leachate over the landfill surface will comm9nce. The 
spray distribution of the leachate will last for eight hours. 
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At the end of this second eight-hour period, part or all of 
the leachate that is left in the holding pond will be. dis-
charged into the sewer interceptor or part of it will be 
distributed to the fill if there is a need for more leachate 
in the fill. The discharge to the sewer is purely a gravity 
process and ·no pump is required. Again, the amount dis-
charged can be regulated to suit conditions in the landfill. 
The sewer discharge line is designed to handle a rate of 
172,2 gpm for an eight-hour period which is equivalent to 50 
inches per year of rain falling on the total area of the fill 
site. There is also an overflow in the holding pond which is 
connected to the sewer line. 
The calculations for pipe sizes, head losses and pump 
capacities appear in section 2,433, D~ta for these calcula-
tions were taken from a) the Smith & Loveless pump catalog, 
b) Johns-Manville pipe brochure, "Class 1.50 Rig-Ti te PVC 
Water Pipe", c) tables in reference 21 and d) reference 49, 
It was decided to design for two stages in the distribu-
tion system. The landfill has a projected life of 40 years. 
Thus in 20 years it would be approximately half full. This 
corresponds to Stage I. In this stage it is necessary to 
only have a pump capable of producing 92,2 feet of head. 
However at the end of the second stage a pump capable of 
producing 142.2 feet of head would be required. Thus with 
a pump life of about 20 years, the pump for Stage I would 
wear out and be repl~ced by the pump for Stage II. Thus 
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during the Stage I period a smaller capacity, less expensive 
pump may be used. The cost analysis for the collection and 
recycling system appears in section 2,434. Cost data ware 
obtained from Doug Gordon of A. L. Wiesenberger Associates, 
Architects and Engineers, Allentown, Pennsylvania and Yorgey 
& Co., Inc.; 2414 Main St., Schnecksville, Pennsylvania. 
Six pumps are included in the cost analysis, two for 
the collection system, two for Stage I distribution and two 
for Stage II distribution. In each case one pump has suffi-
cient capacity, but extra pumps are provided in case one in 
each pair suffers a breakdown. It is possible to have only 
one pump each for Stages I and II since these pumps only 
operate an eight-hour shift and are in a position to be 
easily maintained. However the collection pump should 
definitely have a reserve standby pump since it is tn a 
considerably more difficult position to service as well as in 
a more critical position in the flow pattern. It was decided 
to use plastic (PVC) pipe throughout since it is resistant to 
corrosion by leachate and easy to handle. 
All pipes are to be sloped and the valves are to bo 
located at the low points to permit complete drainnge of tho 
pipes during the winter months so as to prevent freezing. 
However, if the four-inch pipes are buried undor two feet of 
refuse, no freezing problems would result. Thus these pipes 
would only have to be drained when they are brought to the 
surface. The holding pond should not present any freezing 
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problems as the leachate will be agitated by inflow and out-
flow current 24 hours per day. One serious problem that could 
develop is the icing o·r the surface layer or fill. This could 
seriously hamper spreading operations but eve!) more seriously 
could restrict the flow of leachate through the landfill. How-
ever we feel that even if ice and snow did form on the surf.ace, 
the heat generated by the aerobic organisms in the landfill 
and in the succeeding layers to be applied, would melt this 
ice and snow. The leachate could also possibly be heated in 
the pipes that are covered with refuse. Temperature in an 
aerobic section of the landfill could be as high as 150°F, 
This collection and recirculation system can easily 
be modified after the fill is in operation when some of the 
unanswered questions are answered. ~he most importe.nt aspect 
of this system is that the leachate will not pollute the 
groundwater supply, Instead the leachate will be discharged 
into the Allentown sewer system for treatment at the sewage 
treatment plant. The leachate flow from the proposed land-
fill during peak landfill discharge periods is about two 
percent of the minimum hourly flow handled at the treatment 
plant. Thus, even though the leachate will be discharged at 
the low flow period of the day, it will still be diluted 
enough not to cause trouble when it reaches the treatment 
plant. Samples can be taken from this system, analyzed and 
proper treatment methods for this particular leachate can 
later be developed if the need arises. 
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2,433 Calculations 
Area exposed to rainfall 
Mean recorded rainfall 
Volume rainfall/year 
• 22.3 acres (970,000 sq.ft.) 
• 42.71 in./yr. (.3156 ft./yr.} 
= 3.46 x 106 cu.rt./yr. 
= 46.7 gpm 
Design distribution system 
for 3 x (volume/yr.) = 140 gpm (if operating 24 hrs./day) 
Spray to operate 8 hrs./day 
Total flow = 420 gpm 
Open only five 4" pipes at 
one time. Flow in 4" pipes = 84 gpm 
24 nozzles per 4" pipe 
(2 ft, segment of 2" pipe 
between 4" pipe and nozzle) 
Flow per,nozzle = 3,5 gpm 
Head Losses in Pipes 
Pipe Length Q Vel. h. l. (ft.) (gpm) (FPS) ( PSI) 
4" 1200 84 2.22 0,20/100 1 
6" 750 420 5,39 0,67/100 1 
2" and 3,5 1.11 0,001/unit 
nozzle 
Total h.1. 
(ft.) 
3,46 
11,7 
0.06 
Head loss for maximum length combination of 6" pipe, 4" pipe, 
gate valve and tee= 24,3 ft. equ, pipe length 
15 connections x 24.3 = 364 ft, equ. pipe, 
Head loss=(~) (0,30) = 0,73 PSI= l,69 ft, 100 
Total head loss due to friction in distribution system: 
Total h,1,r = (3,46)(5) + 11.7 + (0.06)(5) + 1.69 = 31.0 ft. 
Static Head Loss: h.1.$ (Note: this will change as fill be-
comes higher and higher. For about the first 30 ft. there 
will be no h.1. 8 ) 
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Difference in elevation from sealer to distribution pipe in-
vert from holding pond= 35 ft. 
Stage I fill at 50 ft. h.1. 8 = 50' - 35' = 15 ft. 
Stage II fill at 100 rt. h.1.s = 100 1 - 35' = 65 ft. 
Velocity heads are small and may be neglected. 
Total head loss for distribution system: 
Stage I= 31' + 15' = 46 ft. 
Stage II= 31' + 65 1 = 96 ft. 
Rainbird spray nozzles require 20 PSI (46.2 ft. of head) 
For distribution system pumps must supply: 
Stage I 
Stage II 
Head 
(ft.) 
92.2 
142.2 
420 
420 
-- Note: These values 
would be constant 
for the 8 hr. recy-
cling period. 
Amount to be discharged into sewer interceptor: 
Volume of water (leachate) to be discharged per year is equal 
to amount of rainfall received per year. (Note: this is after 
equilibrium, 3 x (vol./yr.) 
Design for 50"/yr. 
50 11 = 4.16 ft. 
4.16 ft. X 9,7 X 10' = 40.4 X 105 cu.ft./yr. 
57.4 gpm (if discharged for 24 hrs.) 
Propose to discharge for 8 hrs. 
Volume to be discharged= 172.2 gpm (10,332 gph) 
Total volume discharged over 8 hrs.= 82,656 gal. 
Allentown sewer plant average daily flow= 36,000,000 gal. 
Minimum hourly flow= (1/3)(36,000,000) = 12,000,000 gpd 
= 500,000 gph 
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Discharge from landfill= 10,332 gph. 
d 10,332 - 'Jd/ ~ of min, hourly flow 5001000 x 100 - ~~ 
Sewer interceptor is a 10 11 line, It is on minimum grade. 
Full flow capacity(@ V•2.5 fps) = 1.36 cfa (571 gpm) 
Discharge rate from landfill= 172.2 gpm 
Size of pipe to sewer interceptor: 6" pipe on min. slope 
(,006 ft./ft.) flowing at 2.5 fps can handle 220 gpm 
Pipe from holding pond to sewer. will be on a slope of about 
(.041/1) 
Holding Pond if collection pump is only to work 8 hrs: 
Volume necessary to recycle at 420 gpm for 8 hrs. = 201,600 
= 26,800 
Volume to be discharged to sewer = 82,656 
= 11,100 Total volume of tank 
= 37,900 
Collection system pump requirements: 
Pump to be operated for 8 hrs. 
Total discharge= 420 gpm for distribution system 
11..£ gpm for discharge into sewer 
59"2' gpm for 8 hrs. (total= 284,000 gal.} 
gal. 
cu.ft. 
gal. 
cu.ft. 
cu.ft. 
Use 611 PVC pipe for discharge line of collection system pump. 
Length approximately 100 ft. 
Head loss due to friction h.l.r 
- 3,90 ft. (pipe, valve and 
Static head loss 
Dynamic head loss 
Total head loss 
= 50.00 ft. 
== 0.02 ft. 
h.l.t = .53,92 ft. 
Pump required for collection system must supply: 
60 ft, of head --- 600 gal, per minute 
. 92 
fittings} 
! 
I 
'! 
., 
l 
•! 
'I 
,, 
I 
; ,1 
: ,I 
; ,; 
'! 
' J
-~ 
; j 
.. : I 
( 
2.434 Cost Analysis - Collection and Recirculation System 
Collection system pump: 600 gpm, 60 foot head 
Pump type: 4B2A Smith & Loveless 
1750 RPM motor 
s4L23 impeller (9 inch diameter) 
15 BHP 
Cost: $1500@ 
Distribution system pumps: 
Stage I: 420 gpm, 92.2 foot head 
Pump type: 4B3 Smith & Loveless 
1750 RPM motor 
S4M32 impeller (10 inch diameter) 
15 BHP 
Cost: $1750 @ 
Stage II: 420 gpm, 142.2 foot head 
Pump type: 4B3 Smith & Loveless 
1750 RPM motor 
S4M32 impeller (12 inch diameter) 
25 BHP 
Cost: $2000@ 
Total cost pumps: 
$3,500 
3,500 
000 
two collection system pumps and station 
two stage I distribution system pumps 
two stage II distribution system pumps 
Pipe costs: 
Size {inches) 
6 
4 
2 
Cost/Foot 
$3.04 
1.73 
0.59 
Total Feet 
1,100 
16,400 
729 
Total 
Connections and valves: Total= $8,300 
Cost 
-
$ 3,340 
28,400 
430 
$32,170 
Holding pond sealer: total area - 9,900 sq.ft. 
liner cost - $0.135/sq.ft.· 
total liner cost - $1,340 
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Total initial costs: 
$11.,000 
32,170 
8,300 
1,340 
2,000 $54,810 
pumps 
pipes 
connections and valves 
holding pond sealer 
sewer hook-up 
Maintenance and depreciation: 
cost per year -
life of landfill -
$1500 
40 years 
present value of maintenance and depreciation - $26,800 
Total cost collection and distribution system: 
$54,810 
26,800 
$81,610 
2.44 
initial qost 
maintenance and depreciation 
Preparation and Application of Refuse 
Herein is presented a report on the preparation and 
application of municipal refuse for the proposed Allentown 
sanitary landfill in Whitehall Township. A thorough discussion 
of the procedures involved will be given, followed by a set of 
recommendations. However, it must be stressed that any given 
set of recommendation must be first analyzed through a rigid 
program of experimentation before actually planned for utiliza-
tion. Therefore, several alternate procedures will be dis-
cussed giving this report the widest and most practical possi-
bilities for usage. 
2.441 Goals 
In order to develop a specified set of procedures, 
certain goals for the project must first be specified. These 
goals must be realistically attainable as well as desirable. 
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For the Allentown landfill the following goals are proposed. 
That a closed-system be created in which -
a) decomposition of refuse material will be allowed to 
proceed at the fastest possible rate. This rate will 
be the parameter for determining the extent of land-
fill stabilization, and thus also the parameter con-
trolling production duration of leachate and the ex-
tent of ground-level settlement after the fill com-
pletion date. 
b) all health hazards are minimized. These hazards will 
include odors, vectors (flies, rats and other nuisance 
animals) and groundwater contamination 
c) cost efficiency will be maximized. Costs will include 
purchase, operation and maintanance of all equipment 
used in preparation and application procedures. 
d) operational efficiency will be maximized. Operation 
will be defined us any procedure used in the general 
running of the landfill pertaining to the preparation 
and application of solid wastes. 
2 .1+42 Initial Considerations 
The above stated goals involve several prerequisite con-
ditions that must first be explained, particularly in relation 
to the procedures finally chosen for possible utilization. 
Therefore in this section a discussion of initial considera-
tions will follow, serving as an explanation of the goals 
decided upon. 
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Both field and laboratory studies of standard opera-
ting sanitary landfills (see reference 4 for such operating 
proceduz,es) have ascertained that after a certain period of 
time., a well-run landfill facility will change from aerobic 
to anaerobic decomposition (i.e • ., from one in which micro-
organisms 1:1tilize oxygen in decomposition processes to one. 
in which oxygen is not present in a free state). Fungaroli 
and Steiner., in the interim report on their laboratory lysi-
meter., state that methane gas did not appear until approxi-
mately 100 days after the initiation of their test. They 
further state: "The first appearance of methane correspond3 
to the period of rapid temperature decline and very clearly 
indicates a transition from aerobic to anerobic conditions." 
(22) Under different climatic conditions, this change may 
occur much earlier. Extensive field research conducted by 
the California State Water Quality Control Board has shown 
that "anaerobic conditions with production of 70 per cent 
methane and 30 per cent carbon dioxide will exist in approx-
imately one month following deposition of fill."(9) This 
anaerobic condition, in the absence of any additional oxygen, 
will continue until the landfill has become fully stabilized. 
Cases have been reported in which newsprint has still been 
readable after more than ten years within a landfill. 
It is difficult to ascertain the completion date of 
stabilization for the relatively humid., eastern Pennsylvania 
area., without further field and laboratory studies being 
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conducted locally. How~er, field research in California 
has shown that decomposition of fill material, when contin-
uously saturated, will vary considerably with material. The 
Control Board's· report stated: "Foodstuffs and grass clippings 
lose identity and resemble a black, charred mass. Newsprint, 
although saturated, is in excellent condition and easily read-
able. Other cellulose material and tin cans are unchanged." 
( 9) Work done ,by -R. Eliassen in New York City has shown the 
amount of paper content to be proportional to the rate of 
decomposition. Eliassen has written: "The reduction of the 
paper content of mixed garbage and paper has shown experi-
mentally to result in an increased rate of decomposition. 
The paper tends to separate the masses of organic material 
being decomposed and is itself decomposed only slowly. The 
paper as delivered to the fill is very dry and tends to ab-
sorb moisture from the other organic material, thus reducing 
the available moisture required by the bacteria and other 
organisms."(17) Therefore, under anaerobic conditions in 
this area, stabilization of landfills will not be achieved 
until a considerable period of time has elapsed (perhaps 
eight to fifteen years or more). 
Conversely, landfills using aerobic decay procedures 
have found their refuse decomposing at much more rapid rates. 
R. Stone, E.T. Conrad, and C. Melville, in their study of 
aerobic landfill stabilization (which will be described in 
greater detail in a later section), have found that with 
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forcing air through an ordinary fill site over a period or 
ninety days (i.e., keeping the fill continuously aerobic), 
the resultant material had decayed considerably, to the 
extent that "the excavated paper material did not have its 
original fiber strength."(46) They further conclude that 
their 11 resµlts indicate the marked superiority of the aerobic 
cell as opposed to the anaerobic cell in terms of volume 
reduction and, therefore, in the ultimate conservation of 
landfill space."(46) 
From these considerations, as well as the fact that 
"high temperatures generated by aerobic composting pasteurize 
the refuse and eliminate all pathogens, vermin and rodents," 
it has been concluded that keeping the fill aerobic as long 
as possible will hasten stabilization. It is a logical 
corollation that when a fill is stabilized, it will not 
produce leachate and will have settled to its minimum point. 
Shredding of the refuse is also of primary interest. 
Since the operation of shredding will consume a large part 
of a later section, it will only be discussed here in terms 
of its effect on vector control. The most conclusive date 
presently available concerning milling (i.e., shredding) and 
its relative attractiveness to rats and flies, as compared 
to non-milled refuse, is the report of the Heil Gondard 
Decomposition Project by the City of Madison, Wisconsin. 
In their study on vermin control they found the following 
results. 
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a) With milled uncovered cells, a break in the surface 
is not as bad as a comparable break on a nonmilled 
covered cell. With milled cells the interior offers 
only more of the same material as is at the surface, 
so a break is not necessarily conducive to extensive 
b~rowing. In nonmilled cells, however, when the 
cover material has been traversed, rats can develop 
long paths, make nests, and rummage for food without 
difficulty. 
b) In general, more (rat) burrows were found on non-
milled covered cells than on milled uncovered, Pos-
sible reasons for this include the ease of finding 
food in nonmilled refuse as opposed to milled, where 
edible matter is ground into relatively small pieces 
and distributed among nonedibles. Another reason may 
be the apparent futility of burrowing in milled ref-
use for, as drilling proceeds, only more of the same 
material as is on the surface is encountered, 
c) Little differences were found with respect to fly 
numbers between milled uncovered and nonmilled covered 
cells." (26) 
Although this case-study has not been backed-up by 
numerous other studies (the reason being--no other intensive 
study has been made), the results reached are persuasive 
enough to make the preliminary conclusion that shredded fill 
material will, at the worst, be no less harmful than non-
shredded material. Also the fill material does not necessarily 
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have to be covered over with a layer of soil, if it has al-
ready been shredded. 
The following conclusions have been resolved from 
numerous case-studies from around the cotmtry and will be 
utilized towards the ascertainment of the stated goals of 
this report. 
a) Aerobic decomposition will be considered the most 
desirable form of chemical decay within the landfill 
material. 
b) Until conclusive evidence is presented to the contrary, 
landfill material will be shredded before application 
in order to reduce and/or eliminate all health hazards. 
c) Fill material will be left uncovered in order that 
the decomposition process remains aerobic as long as 
it is possible (it may be noted here that odor from 
uncovered shredded material is negligible) ,(36) 
2,443 Proposed Procedures 
As was mentioned earlier within this section, no def-
inite, absolute procedure has been found that would com-
pletely guarantee predictable results. There are three 
reasons for this: a) the site for the Allentown landfill 
presents unique problems not already presented in studies 
made elsewhere throughout the country; b) studies already 
made cannot be assured of corollation with local conditions 
in this section of eastern Pennsylvania; and c) data essen-
tial for the complete analysis of the local problems relating 
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to the procedures has·not been totally collected. Therefore, 
in all fairness, two alternative aets of procedures for the 
preparation and application of solid waste will be presented. 
It is felt that either one could attain the stated goals, 
al'though not necessarily with equal efficiency. A discussion 
of their respective efficiencies will be the subject of the 
next two portions of this report. 
2.4431 Preparation of Solid Wastes 
SCHEME 1: 
Primary Preparation: 
Initial Compaction: Because collection service in the 
Allentown area is entirely private with most vehicles of the 
compactor-type, it was felt that this kind of system should 
remain in effect. First, to regulate the private collection 
system by specifying a different type of truck (e.g., a truck 
that shreds material) would put too great an economic burden 
upon the private owners, probably forcing many out of business 
or, equally as undesirable, forcing collection rates upwards. 
Second, control of preparation procedures would be very diffi-
cult, since quality and the other parameters of preparation 
would be in the hands of many individuals, rather than a 
trained staff of city personnel. And third, compaction dur-
ing collection will not affect any procedures later applied 
to the refuse, 
Shredding: This step has already been discussed to some 
extent in a previous section. In addition to the advantages 
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previously stated, the following must also be mentioned: a) 
"reduction of volume by as much as 50 per cent; b) encourage-
ment of decomposition; c) the reduction of the possibility of 
combustion of the fill material (hot rubbish will not be dir-
ectly dumped· into the fill); d) prevention of the formation 
of pockets of methane gas; e) elimination of the blowing of 
papers; f) the fill material will be able to support vegeta-
tion; and g) the ability of trucks to drive across the land-
fill in all types of weather."(48) 
The type of shredder recommended for use is the type 
used in the Madison, Wisconsin project, the Heil-Gondard solid 
wastes reduction system. Developed in France, this machine's 
introduction to this country promises to lower costs as well 
as to improve upon final disposal techniques. The principal 
innovation of this machine is the use of a low chinmey or 
discharge chute over the grinder. Through this chimney the 
hannnermill rejects material that cannot be ground. Rotation 
of the hammers is opposite in direction to conventional 
shredders so that rejected non-shreddables are thrown out 
of the mill and pass into a bin for final disposal. Thus, 
sorting and grinding are done in one operation (see Figure 
8). Operation is geared to the load on the shredder by con-
trolling the speed of the conveyor feeding the mill. The 
conventional pit and crane are replaced with a pit having 
a pan conveyor bottom. The speed of the conveyor system 
is controlled by the current drawn to the shredder motor, 
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As the load on the shredder rises, the conveyor slows down, 
reducing the rate of feed. The milled refuse has a weight 
or about 1050 pounds per cubic yard compared to about 375 
pounds per cubic yard of the original unmilled material. 
Where salvaging operations are permitted, metals, paper or 
other material of value may be picked from the conveyor in, 
advance of shredding. 
The housing of the shredder can be designed to effi-
ciently utilize the space available near the entrance of 
the fill. The building can be broken down into three main 
structures according to function: the unloading building 
complete with storage pit; the salvage and baling building 
which also houses the administration offices; and the shred-
ding and discharge building. The unloading building can be 
linked to the salvage and shredding building by a conveyor 
gallery {see Figure 9). 
Wetting the LAndfill: R. Eliassen stated--"The op-
timum moisture content was found by experiment to lie be-
tween 40 and 80 per cent, compared to a moisture content 
of 24 per cent in the refuse as received. The use of water 
to increase moisture content would be practical only where 
water is cheap and readily available."{17) Acquisition of 
water should not present any problem in the Allentown site. 
In addition to the rAason F.liassen has alluded to, quicker 
decomposition rates, it is advisable to add water to aid 
leaching and make the refuse material easier to handle • 
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Secondary Preparaticn: 
Final Compaction: After a period of approximately 
three weeks, the next layer of refuse will be applied (for 
a more detailed description of this operation, see section 
2.4432, "Scheme 1"). During this operation the initial ref-
use will be compacted by landfill equipment for maximum vol-
ume reduction. Although the fill will revert to some extent 
to anaerobic decomposition {depending on the amount of oxygen 
present in the recycled leachate), the amount of degradable 
refuse remaining will be greatly minimized. 
SCHEME 2: 
Primary Preparation: 
Initial Compaction: Same as for Scheme 1. 
Composting: As has been mentioned previously in sec-
tion 2.442, Stone, Conrad, and Melville have proposed a 
method for maximizing decomposition rates by means of aerobic 
composting. Their process will now be discussed. Since the 
results depend very heavily on type of climate and soil con-
ditions, it must be stressed that their results may not 
necessarily be duplicated at the Allentown landfill site (in 
fact, it is highly doubtful). However, with proper research 
data collected for this region, the feasibility of this scheme 
could be determined. 
The landfill site that the California group studied 
was located in an area of low-lying land where the soil was 
predominantly adobe clay. The landfill was a standard cut 
104 
;, 
, I 
,· 
' 
·' 
,(, t, ! 
r,,. 1 
ti/I" f1 \ i 
, t 1 
: I 
I. 
l 
and cover operation. The major purpose of the study was to 
demonstrate acceleration of the stabilization procedure in 
which compacted refuse is aerobically decomposed before final 
disposal. 
In this process the refuse was first dumped and com-
pacted within a large cell which had been underlain with a. 
series of gravel-covered perforated pipes through which air 
could be forced (see Figure 10). After the refuse had been 
aerated for a specific length of time (six months), the rela-
tively stable residue was transferred from the aeration pit 
to a final residue cell where it received recompaction and 
a soil cover in the standard manner. The cell was then allowed 
to revert to an anaerobic state. Their expectations (which to 
a great extent were fulfilled) concerning the end-product were 
as follows. "Since at this point the residue should be sub-
stantially free of the most readily decomposable materials, 
it should also be greatly 'stabilized' against rapid reduc-
tion. The net effect expected was that in the final compacted 
residue, settlement and methane production typical of an an-
aerobic fill would be reduced, and that the aerobically-
treated final-cell fill areas would therefore become suit-
able for higher land uses within the relatively short time 
of aeration. Of course, the high temperatures generated by 
aerobic composting pasteurize the refuse and eliminate all 
pathogens, vermin and rodents."(46) It was further felt that 
with air-temperature control and placement of a soil cover, 
prevention of fill fires could be accomplished. 
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!!2. Wetting of LRndfill: The moisture content of the 
above mentioned stabilized landfill ranged from 50 to 80 per 
cent, thus no additional wetting is required. 
Secondary Preparation: 
Final Compaction: After re compaction by a Caterpillar 
D-9, a volume reduction when compared to the original vo1U,!f1e 
of refuse as received was almost 40 per cent, a considerable 
amount especially when compared to a 25 per cent expansion in 
volume when an anaerobic cell was excavated and recompacted in 
an earlier test. 
2.4432 Application of Solid Wastes 
SCHEME 1: 
The residue available after shredding and wet-down is 
easily manageable, small particular matter. For this opera-
tion the requirements for application are that the refuse is 
spread over a large area, not compacted, and in thin layers. 
For the first two requirements, a machine of suitable 
d~sign must be selected. For the last one, a depth of refuse 
must be calculated. The solution of the third requirement 
follows. 
From available information on spreading equipment, 
two machines are compatible with the desired needs of opera-
tion: the Caterpillar D-9 and the Montreal, Quebec truck. 
The Caterpillar is standardized equipment found on most land-
fills. The Caterpillar's rate of spreading averages 64 tons 
per hour, thus it could handle even the most severe working 
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loads that the Allentown landfill could possibly provide 
(see Table 7). The Montreal truck utilizes a totally differ-
ent system and will be described in more detail because of 
its anonymity. "A normal trailer body is utilized with high 
built sides and a plate placed at the rear of the trailer 
with cables running the length of the trailer body to the 
end. The shredded material is placed in front of this plate, 
and, on arrival at the landfill subdivision, a bulldozer 
hauls the cables until the plate forces the material out of 
the rear doors of the trailer. As the shredded material is 
extremely easy to handle, this arrangement proves much less 
troublesome than originally anticipated, although many re-
visions to the plate and sides were needed before the system 
was deemed satisfactory. The advantages, of course, are ob-
vious: there was little maintenance to the trailer body and 
plate; and the new theoretical payload was now 90 cubic yards 
(1975: five runs per day; 1990: six runs per day--see Table 7) 
which gave a loading time of 50 minutes. An additional advan-
tage was the fact that, should any accident or malfunction 
present its elf on the trailer, only on standby is necessary, 
reducing operational overheads."(30) 
SCHEME 2: 
Density for the aerobic process has been estimated to 
be as high as 1570 pounds per cubic yard, a 50 per cent in-
crease over the shredding process. However, this is only 
calculated for the very localized California Area. Since 
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the final procedure for this process is the hauling or push-
ing of the stabilized waste from the oxidation cell to the 
residue cell, with. compaction by normal methods, it would 
appear that ordinary landfill techniques for the application 
of fill (spreading and compaction) are all that is needed, 
It may be noted that the stabilized fill is much easier to· 
handle than raw refuse and many of the latter's inherent 
problems (odor, paper blowing, etc,) are not nearly asap-
parent as in the former, 
2.444 Cost Analysis - Proposed Procedures 
A detailed cost analysis is not possible without fur·-
ther studies made on individual operations. However, from 
research provided by the two previous studies demonstrating 
each procedure, certain cost evaluation data can be presented. 
Stone et al. report: "The cycle of refuse filling, 
aeration, and transfer for final disposal can be repeated 
several times, reusing the aeration underdrain and blower. 
Based on the preliminary results of the initial test opera-
tions and assuming that they are repeated in ten cycles, the 
cost over and above normal landfill costs, treatment and 
disposal of 29,000 tons of refuse is estimated to be $27,000. 
The refuse residue disposed of will occupy a volume of 
37,000 cubic yards (1570 pounds per cubic yard). By con-
trast, a volume of 55,000 cubic yards would be required to 
dispose of the same tonnage in a conventional landfill. On 
a weight basis, the unit costs for this process were calculated 
(preliminary) to be about $50 to $95 per ton delivered." (46) 
108 
ii .:, 
j : 
I 11 
: l, 
. 1., 
"j ., 
•., 
\,;, 
. :r 
! : 
/ ' 
,, 
I i i; 
: ! .. {l' 
. { 
I' 
l:i I, 
11 
. i 
i 
i i 
I I 
On the other hand, the unit price per ton delivered for 
the Montreal plant, which was processing approximately 7,600 
tons per month, can be calculated from the average production 
costs per month for 1966 (assuming 25 per cent increase due 
to inflation, as well as compensating for the difference in 
worth between the Canadian and American dollar) as given i~ 
Table 8 of the Appendix. It must be noted that from this total 
cost per month of $20,150, an unlmown amount can possibly be 
subtracted as revenue collected from salvage of reusable ref-
use material (amount of revenue depending upon the current 
market value of recycled paper, rags, etc.). From the above 
total, without inclusion of salvage revenue, the unit cost of 
refuse received is $2.63. This figure is not the cost for 
the entire operation, but only for preparation of the refuse 
and its application (cost does not include amortization costs 
for equipment and buildings). Work done in the Madison, Wis-
consin shredding project places unit costs in the range of 
$1.00 to $3.00 for the entire cost of the landfilling opera-
tion. 
2.445 Operational Efficiency 
2.4451 Aeration Process 
Considering only municipal refuse, for an oxidation 
cell 50 feet wide, 200 feet long and 17 feet deep (6,340 cubic 
yards), a blower of 1200 cubic feet per minute under a total 
pressure of about ten inches of water i.s needed. For the 
Allentown landfill, using 60 days for the treatment process 
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(44 wo:rking days), two oxidation cells wllll be :requi:red. Dur-
ing and arte:r filling the cell, the blowmr is used to ae:rate 
the mate:rial. Fo:r the first month during cell loading, the 
blower's operating cycle will be 55 minute~ on, 35 minutes 
off. For the last month, before removal tt'o the residue cell, 
the cycle .will be 70 minutes on, 20 minuta)s off. The rate. of 
aeration varies from 225 to 310 cubic feet/day/cubic yard of 
refuse.· Al though loading will not be comtt.inuous every day 
(Saturdays end Sundays will be closed to ~livery), the blower 
will operate through its cycle continuoumJly. In addition, the 
nwnber of personnel needed will be as follows: one superin-
tendent, one foreman, two blower operato1"11, two bulldozer 
operators, and one technician. 
2.4452 Shredding Process 
Depending upon the amount of loa~ per day, the plant 
will operate almost continuously duringitlb.e eight-hour work-
ing day. It is felt that all of the maclhxtnery must be syn-
chronized to prevent any back-up of opermt:i:ons due to the mal-
function of any particular part, and eachl portion of the 
operation, unloading, salvage, and disc~ge, must all be 
connected by an intercommunication system. At diferent points 
in the plant, special dust gathering eqll11i.Jment will be incor-
porated. The amount of plant personnel !lll!'e as follows: one 
superintendent, one foreman, one shredde?r operator, two belt 
men, and drivers. The application proceahilre will require one 
bulldozer operator. 
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2.411,6 Conclusions 
Both systems presented in this report were felt to be 
feasible under existing degrees of available lmowledge. How-
ever, it is stressed that before any final decisions be made, 
a detailed program of experimentation be undergone which will 
analyze operating cost figures, as well as feasibility stuq-
ies. Whichever system is finally chosen, the costs will be 
greater than the costs for an average landfill operation, but 
it is felt that if the original goals of this report are 
fulfilled the benefits will exceedingly outweigh the costs. 
2.447 Recommendations 
a) For economical and p1\·actical reasons, allow compactor-
type delivery trucks to remain in operation. 
b) Institute detailed studies on cost and operation ef-
fectiveness for both the aeration and shredding pro-
cesses. Major concern should be concentrated upon 
fulfilling the goals stated in section 2.441. 
2.45 Benefit-Cost Analysis 
With a review of the possible alternatives to the im-
plementation of the Whitehall quarry as a sanitary landfill 
site, it becomes increasingly apparent that a method of eco-
nomical analysis and final justification for the selection 
of a single proposal is necessary. Currently used by most 
governmental agencies and funded projects is the method of 
benefit-cost analysis. There are two methods to carry out 
this procedure. One maximizes the benefit-cost (B/C) ratio 
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where the other strives to obtain the greatest difference be-
tween the two quantities. The B/C ratio is generally used in 
programs where funds are the limiting factor. This is the 
case with most municipality-backed functions, thus we will 
assume the same situation in our case and strive to maximize 
the B/C ratio. ( 53) 
Looking first at the benefits, we find there are seven 
areas to be analyzed. Each must be assigned a monetary worth 
in an appropriate manner so that a common scale for evalua-
tion can be used. We are basing our study on the life of 
the landfill area which our group has esti~ated to be forty 
years. We will accordingly develop our B/C ratio for this 
time span. 
The first and most obvious benefit is the disposal of 
the refuse municipally. Currently operators of private trucks 
and landfill operators are responsible for the major portion 
of the collection and dumping procedures. Their charge is 
~ approximately one dollar per cubic yard. We will assume this 
to be the current rate for refuse disposal presently avail-
able to the people to be involved in the Whitehall quarry pro-
gram. The volume of the site is estimated to be three million 
cubic yards. In our proposal we have eliminated the need for 
daily cover, thus the entire volume may be utilized for ref-
use storage and decomposition. Therefore, over the life of 
the site, three million dollars can be attributed to munic-
ipal refuse disposal. 
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acreage ot the land to be improved and by the duration 
ot the improvement process. This then yields the valUe 
tor the scenic improvement of that land seen by the 
community." ( 27) 
In this case it is actually only the quarry itself to be im-
proved or sixteen and a half acres at an annual spending by 
Whitehall Township of $36.40 per acre over the forty year 
development.period. This yields a total worth of $24,000 for 
beautification. 
As the land is used now, it gives no returns to its 
owner but appears only as a debit. Currently an annual 
spending of approximately sixty-five hundred dollars is 
put towards caretaking, safety measures, posting, etc., and 
the saving of this expense is also considered a benefit to 
the project even though it does not appear in the budget of 
the program. This nets $6,500 a year for forty years or 
$260,000 in benefits for the Whitehall Quarry Project. 
One of the most important areas to be considered while 
investigating the elimination of this abandoned quarry is 
that of safety. The area surrounding Whitehall experiences 
a quarry associated death approximately biannually with many 
more injuries and incidents going unrecorded. Most of these 
incidents involve younger people, either pre-teen, teen, or 
early twenties. On the average then, over the forty year 
analyzation time, we can expect 20 deaths due to insuffi-
ciently guarded quarries within Whitehall Township. This is 
approximately the number of major quarries in the area {White-
hall Township itself contains twenty-three quarries but only 
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Another benefit is the value of land reclamation after 
the tilling operation is completed. In the "Comprehensive 
Plan tor Whitehall Township" the land in the area ot the 
quarry is considered unsuitable for urban settlement because 
of high slope gr·adients and poor soil conditions. Instead 
this land has been alloted as far into the future as is fore-
seeable as agricultural land with poor development potential. 
(57). Thus the reclaiming of the land could yield monetarily 
only what farmlands in the area are worth. This worth is 
approximately two to three hundred dollars per acre. We will 
choose the median value of $250 per acre for the twenty-two 
acre plot yielding a reclaimed land value of $5,500. 
Likewise, the value of land beautification must be 
evaluated. The plan for Whitehall Township states that the 
program for the development of the land surrounding Coplay 
Creek on which this proposed landfill site is located should 
"achieve, as a mininmm goal, the prevention of visual and 
physical encroachment by inharmonious land uses."(57) In 
the same section it is mentioned that quarries are eyesores 
unless established as recreational areas (i.e., Ranger Lake) 
and that the population of Whitehall could not financially 
support a project such as this at any quarry site.(57) This 
then justifies the beautification of the site. To assign a 
monetary worth to an aesthetic judgment is a difficult task, 
but the procedure used occasionally previously is as follows. 
"The funds annually spent by a community for aesthetic 
improvement per acre of its area is multiplied by the 
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seven may be classified as major and potentially dangerous). 
(S7) Thus it appears reasonable to assume that the filling 
in of the Whitehall quarry will prevent a total of one fatal-
1 ty. It may seem rather crass to assign a value to a human 
life but the problem is a common one to B/C analysis. The 
procedure is to estimate an average lifetime income based on 
the statistics of the federal government. For example a boy 
killed at age fourteen is evaluated as a loss of $343,669 to 
society and a girl dying at the same age is valued at $239,192. 
These data are based on national averages.(27} The vast ma-
jority of quarry associated deaths involve young males so 
we arrive at a benefit value of $334,880, the equivalent of 
a young man sixteen years of age. The choice of this figure 
is also influenced by the fact that the site is located only 
one-half to three-quarters of a mile from Egypt Memorial Park 
and Egypt School which serve some twelve hundred people and 
which are lacking in adequate picnicing and hiking facilities. 
The appeal of a relatively unguarded quarry lake to these 
youngsters is evident. 
Earlier in this report mention was made of seven areas 
of benefit. Thus far we have discussed five which yield a 
total benefit value of $3,624,280. The remaining two areas, 
ground and surface water pollution, will be discussed at the 
conclusion of this analysis. 
In the denominator of the B/C ratio we must look at 
the costs of the project. The first of these to be considered 
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is the land purchase. The Giant Portland Cement .Company, 
present owners of the quarry in Whitehall, maintain that 
there is still usable rock on the site and that in addition 
to the purchase price of the land this minable material must 
also be compensated for. We are also planning on purchasing 
circumferential territory, in addition to the actual quarry, 
for convenience and safety of operatiDn. The added territory 
amounts to an additional five and one-half acres owned by 
Giant Cement. In addition, an individually owned farm located 
nearby will be purchased for health, safety and nuisance reas-
ons. The estimated cost for the total land purchase is then 
22 acres at approximately $3,000 per acre nr $66,000, plus the 
farm which is evaluated at $50,000. This total amounts to 
$116,000. 
Cover material is another cost to be evaluated. Since 
the proposal we are advancing eliminates the need for daily 
cover, only a final cover at the termination of the site 
operation need be allowed for. Assuming this final cover 
to be two feet deep on the average, over the estimated twenty 
acre fill area, we find it is necessary to obtain more than 
forty acre-feet of cover material. This material will be ob-
tained from borrow pits in the area, namely abandoned quarries 
partially filled with soil scrapings from recently active 
quarry sites. This material can be obtained at the cut and 
cover cost of a $1.25 per cubic yard. Thus the total cost of 
the cover material is $91,000. Assuming a six percent interest 
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rate and bringing this cost back to present worth, we obtain 
an initial outlay of $8,900. 
Hauling and collection of refuse presents additional 
expenses, however due to the nature of our proposal and the 
existing refuse disposal system, these expenses will have no 
influence on our analysis. Presently the area to be served 
by the Whitehall landfill is canvassed by individual private 
haulers, collectors and landfill operators. Our objective is 
to offer a sanitary method for refuse disposal. Many of the 
existing operating landfills present health haz.ards. Thus we 
leave the collection and hauling to those individuals cur-
rently making a living at it. Perphaps in the future a 
municipal refuse collection system will eventually drive 
these companies out of business, but at present this does 
not seem to serve our proposal. 
One of the largest expenses of the proposal is that of 
site prep&ration. This includes the filling of the present 
lake with twenty-five feet of material at a cost of $1,609,000. 
This price is not indicative of many other abandoned quarries. 
The lake which we are trying to overcome is much larger than 
that usually found in most wet-bottomed quarries; thus this 
expense could be cut significantly if our general plan was 
applied to a more suitable site. Site preparation also in-
cludes the impervious liner and slag cover to prevent ground-
water infiltration; the cost of this is $184,400. Finally 
allowance must be made for the piping, pumps, etc., of the 
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recirculation system, the cost of which is $101,610 including 
maintenance for forty years. This then yields a total figure 
of $1,895,010 for site preparation costs. 
An additional cost to be evaluated is that of site oper-
ation. Here we must include labor, equipment for handling the 
refuse and equipment maintenance. Labor incorporates a su~er-
visor at an'annual salary of $10,000 and four laborers at 
$7,500 each per year. Bringing these values back to present 
worth over the forty year period, we see that $606,000 is re-
quired. An additionai $50,000 should be allotted for various 
· incalculable and unforeseen expenses throughout the operating 
life of the landfill. 
Equipment costs are calculated as follows. The lar-
gest item is the shredder capable of handling the flow of 
municipal refuse we are considering. The estimated cost of 
the shredder is $500,000. In addition a truck, dump type or 
something similar, and two tractors also need to be consid-
ered. The tractors need to include hook-ups for raising the 
pipes and spreading the refuse. The truck is evaluated at 
$12,000 and the tractors are $30,000 each. 
ment cost thus amounts to $572,000. 
The total equip-
Lastly an equipment maintenance cost of $1,500 per 
year is required. The total discounted maintenance cost is 
thus approximately $25,000. Now totaling the labor, equip-
ment and maintenance costs yields a total operating cost of 
$1,253,000. 
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Summing all or the costs described above yields a 
total expenditure of $3,272,910 required for our proposed 
sanitary landfill. Purely mathematically then, dividing the 
total benefits by the total costs results in a B/C ratio of 
1.11. Refer to Table 9 for a complete listing of the various 
benefits and costs. 
Although the B/C ratio of 1.11 does not tend to show 
total justification for our proposal, one must bear in mind 
the non-monetary benefits of ground and surface water pollu-
tion prevention. In a limestone area, such as the one in 
question, it is difficult to evaluate both water flows abo'ie 
and below the surface. This makes it nearly impossible to 
assign a monetary worth to this benefit. However, in the 
estimation of this project group, it is this benefit which 
makes our proposal suitable for initiation. 
On a comparative scale, assuming a basis of one-half 
ton per cubic yard of municipal refuse, we obtain a $2.35 
per ton cost to operate our proposed sanitary landfill. 
Most large existing landfills which do not incorporate pollu-
tion abatement schemes, operate at $1.00 to $1.50 per cubic 
yard and smaller facilities cost as much as $2.50 per cubic 
yard, Thus, even with the expensive safety measures we have 
incorporated, our proposal still remains relatively competi-
tive. 
General Reco~Jnendation 
The following is a list of a few general recommenda-
tions for the proper operation of the proposed sanitary 
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landfill. No attempt has been made to make specific designs 
or to make cost estimates for each item; however, $50,000 has 
been included in the total cost to cover the implementation 
of the recommendations which follow. 
a) Maintenance Shed - Landfills of the size in question 
are usually provided with a shed to shelter landfill 
equipment during closed hours and to provide space 
for maintenance. We suggest that a shed be provided 
to house the vehicles used to spread the refuse. 
b) Weigh Station - The Pennsylvania Department of Health 
requires that landfills which serve populations of 
more than 25,000 persons have weigh stations. Since 
this proposed landfill is to handle all solid house-
hold wastes generated by the City of Allentown with a 
population of almost 110,000, a weigh station will be 
required. A weigh station will prove to be advantag-
eous since it will provide a means to charge fair 
rates for disposal of refuse at the site. Also the 
weigh station will provide for an adequate measure of 
the rate of filling of the quarry so that planning for 
succeeding landfills will be facilitated. Use of a 
weigh station is also an excellent means of monitor-
ing changes in per capita refuse generation rates. 
c) Improvement of Access Roads - Chestnut Street and 
Church Street are both narrow roadways. In view of 
the heavy traffic of large trucks that may be expected, 
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we suggest that these streets be widened. Since 
these are public roadways we expect that highway funds 
could be used for this improvement. The access road 
to the site from Church Street should also be improved 
to handle heavy trucks during inclement weather. 
d) Purchase of House - The house 'located on Chestnut . 
Street to the south of the quarry is quite close to 
the site and the inhabitants may be bothered by the 
noise and activity. For these reasons we feel that 
the house should be purchased as part of the project. 
The house will serve two necessary purposes for 
the operation of the landfill. First, it will pro-
vide washing and sanitary facilities for the landfill 
workmen. This is a requirement for any landfill site 
although many landfills in the Lehigh Valley do not 
have adequate facilities of this type. Secondly, the 
house will provide office space for the keeping of 
records. 
e) Fencing - The area surrounding the quarry is fairly 
level and does not have many trees; hence, winds are 
often of high velocity. For this reason we feel that 
fencing should be provided around the entire periphery 
to prevent refuse from being blown away from the site. 
The fence-caught refuse should be collected periodic-
ally in order to pervent unsightliness. 
f) Fire-Control Equipment - Fire-control equipment is re-
quired at all landfill sites. In view of the large 
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size or the proposed landfill, we suggest that a small 
truck with water tank be purchased. 
g) Vector Control - The site should be inspected periodic-
ally for the presence of rats and mosquitoes and ap-
propriate measures should be taken to prevent the 
breeding of such. This problem must bear close atten-
tion since the shredded refuse (usually not attractive 
to rats) will be uncovered and there will be a.n abun-
dance of moisture on the surface of the landfill. 
Thus an excellent breeding ground for mosquitoes is 
at hand. 
h) Inspection of Liner - At some time in the future a 
small portion of the fill should be excavated so that 
the condition of the liner can be checked. 
i) Water Quality Measurements - A few well-points should 
be placed into the water table so that samples may be 
taken periodically. In this way, water quality can be 
tested to ascertain if groundwater pollution by leach~ 
ate is occurring. 
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J. RECLAMATION OF. MUNICIPAL SOLID WASTES 
3.1 Abstract 
Thi-s report gives the results of a two semester pro-
ject which was an investigation of municipal refuse reclama-
tion and recycling, culminating in the development of a mun-
icipal solid waste reclamation system and the partial experi-
mental determination of its usefulness. An investigation was 
made of the marketability of specific materials (paper, glass, 
and plastics), which were assumed to be reclaimable from mun-
icipal refuse. v~rious existing materials handling and separa-
tion processes which have possible applicability in a reclama-
tion system are discussed. Two different reclamation systems 
are proposed. One, the "dry method for nrunicipal refuse sep-
a:ration", handles the refuse by techniques which maintain it 
in its initial dry form. These techniques include separation 
by air entrainment, and ballistic separation. The other, the 
"wet method", accomplishes the desired separation by techniques 
which include such liquid-based processes as the creation of 
slurries, and separation by flotation, as well as dry pro-
cesses such as magnetic separation of ferrous materials and 
electrostatic separation of conductive from dielectric mater-
ials. The economic potential available to a hypothetical 
reclamation facility located in the Lehigh Valley is estim-
ated. Proposals are made for specific projects aimed at 
further developing and evaluating the two alternate separa-
tion systems. 
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As per the ~torementioned proposals, an experimental 
prog~~m was undertaken the second semester in order to test 
the feasibility of the ballistics separation, floatation sep-
aration of paper and plastics and the air classification of 
paper and plasti.cs techniques. It was found that ballistics 
separation is a realistic means to effect a significant degree 
of separation. The effect of varying the speed of the sorter 
is discussed. A statistical chart of distribution of ballis-
tically separated material is presented, Floatation separa-
tion was found to be ineffective but a natural separation of 
paper and plastics could be achieved in a simple "sink-float" 
settling tank, Air flow classification was found to achieve 
a separation of light, brittle plastics· from paper when an 
appropr te duct-system was used, but soft plastics remained 
with the paper fraction. 
3.2 
3.21 
Introduction 
Project GrouE 
Reclamation of municipal solid wastes was studied by a 
project group over the course of two semesters. Undergraduate 
members of the first semester project group were: Hugh H. 
Willis, senior year in mechanical engineering, John A. 
Janiszewski, senior year in metallurgical engineering, and 
Salvatore J, Miraglia, Jr, and Keith J, Barker, junior year 
engineering students in metallurgical engineering, Second 
semester project group members consisted of Salvatore J, 
Miraglia, Jr. and Keith J. Barker. 
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3.22 General Background 
The rapid expansion of present day urban and suburban 
developments and generally improved standards of living pro-
duce as an undesirable side effect a huge increase in refuse 
from homes as well as industry. The problem of disposal of 
the collected material in a sanitary manner without contami-
nating the ,atmosphere or the grolUldwater is becoming more 
difficult to deal with. In light of this, a "Reclamation of 
MlUlicipal Solid Wastes" project was lUlderta.ken with the pur-
pose of providing a sanitary means of waste disposal and, at 
the same time, of extracting from the waste those materials 
of value. 
In the past, and presently, the disposal of most mun-
icipal refuse takes place in two forms: landfill and incin-
eration. UnfortlUlately, improper landfill techniques and 
insufficiently controlled incineration practices, both con-
ditions of which exist predominately today, have caused many 
problems in the area of pollution. In addition, the practice 
of proper sanitary landfills or controlled emission inciner-
ation alone do nothing to recover the "natural resources" 
contained in the refuse treated. There is therefore an ur-
gent need for a refuse treatment system which will both re-
cover presently wasted resources and safely dispose of the 
remaining refuse. Since a sanitary landfill, when operated 
properly, provides a safe means of refuse disposal, there 
remains only a need for the reclamation of valuable materials 
before the refuse is disposed of in such a landfill. 
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The current solid waste disposal problem is definitely 
quite complex and multi-faceted. With such a complex problem, 
. a comprehensive definition of the problem could hardly be less 
complex. However, consider the great amount of technology 
existing in the United States. The technology which would 
enable disposal to be accomplished, in a manner consistent, 
with maintenance of the environment, exists today. Unfortun-
ately, the national solid waste load is gigantic, and the cost 
of adequately applying this technology would be staggering. 
As a result of these considerations, the definition of the 
solid waste problem which was assumed for the purposes of 
the project discussed herein is as follows. The solid waste 
problem is one of accomplishing disposal of nnmicipal solid 
wastes in a manner which: 
a) is compatible with the environment; and 
b) inflicts the least possible costs on the individuals 
within the municipalities (who ultimately must bear 
the costs of disposal). 
The Journal of the Sanitary Engineering Division, Pro-
ceedings of the American Society of Civil Engineers, in April, 
1968, carried an article by Harvey F. Ludwig and Ralph J. 
Black entitled, "Report on the Solid Waste Problem." This 
report pointed out that "probably the most serious shortcom-
ing in the field of public works since World War II has been 
a chronic inability to evaluate the status of the art of solid 
waste disposal and to develop logical and economical systems 
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to meet the changing times. -- Much of the blame must be at-
tributed to the very nature and origin of the problem. Waste 
disposal has historically been relegated to the lowest levels 
of responsibility." 
In the area of salvage and reclamation, the report states 
that "numerous experiments have been conducted on separation 
of salvageable materials from mixed refuse. These have been 
relatively crude, practical attempts to reduce costs to a 
profitable level, ••• , to salvage some particular element of 
refuse." 
At a somewhat more technical level, experiments on re-
clamation of selected and limited amounts of certain organic 
fractions of wastes nave developed technical solutions for 
development of a variety of products, but "economic factors 
have limited the practical application of these methods." 
The report recognizes needed studies in the field of 
salvage and reclamation to be: 
a) "methods of isolating salvageable materials before 
they become mixed into the total refuse; 
b) mechanical methods for rapidly and accurately select-
ing specific items from refuse, for example, various 
alloys of brass and aluminum, clear glass, and clean paper; 
c) basic research on the reclamation of reusable raw 
materials from solid wastes. Determine what com-
pounds can be reclaimed and how reclamation can be 
accomplished technically and economically. 11 
The conclusions and recommendations of this report 
called for, among other things, encouragement of "a compre-
hensive study of the market for salvaged solid wastes (or 
, 127 
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to meet the changing times. -- Much of the blame must be at-
tributed to the very nature and origin of the problem. Waste 
disposal has historically been relegated to the lowest levels 
of responsibility·" 
In the area of salvage and reclamation, the report states 
that "numerous experiments have been conducted on separation 
of salvageable materials from mixed refuse. These have been 
relatively crude, practical attempts to reduce costs to a 
profitable level, ••• , to salvage some particular element of 
refuse." 
At a somewhat more technical level, experiments on re-
clamation of selected and limited amounts of certain organic 
fractions of wastes nave developed technical solutions for 
development of a variety of products, but "economic factors 
have limited the practical application of these methods." 
The report recognizes needed studies in.the field of 
salvage and reclamation to be: 
a) "methods of isolating salvageable materials before 
they become mixed into the total refuse; 
b) mechanical methods for rapidly and accurately select-
ing specific items from refuse, for example, various 
alloys of brass and aluminum, clear glass, and clean 
paper; 
c) basic research on the reclamation of reusable raw 
materials from solid wastes. Determine what com-
pounds can be reclaimed and how reclamation can be 
accomplished technically and economically." 
The conclusions and recommendations of this report 
called for, among other things, encouragement of "a compre-
hensive study of the market for salvaged solid wastes (or 
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energy therefrom) as an economic guide to the feasibility of 
composting, destructive distillation (carbonization), incin-
erator waste heat recovery, metal recovery (as from car bod-
ies), glas~ recovery, and fiber recovery. No valid estimate 
of the true economic role of an individual salvage process 
can be made until s-q.ch broad market surveys are completed.'.' 
Another report of significance in considerations of 
the solid waste problem is an article entitled, "The Nature 
of Refuse", appearing in the Proceedings of the 1970 National 
Incinerator Conference (67). As this report points out, "the 
quantities of refuse generated now and in the future and the 
physical and chemical nature of this waste have significant 
implications regarding the overall management of solid 
waste." 
In order to address these concerns appropriately, the 
present national urban solid-waste load and the nature of 
refuse was estimated as a part of a broad-scope program on 
incinerator air pollution under the sponsorship of the 
National Air Pollution Control Administration. With these 
values serving as a base, projection techniques were then 
developed to predict solid-waste loads and the physical and 
chemical nature of refuse through the year 2000. 
The major source of data used in our report was ob-
tained from the above cited source, "The Nature of Refuse." 
Based on this study, and after eliminating "Yard-Wastes" 
(leaves, grass, plants, and trinnnings - which are very 
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sensitive to both geographical location and the season or the 
year), and "Miscellaneous" wastes (mostly bricks, rocks, other 
demolition wastes, and dirt), i.e., wastes whose fraction is 
heavily dependent upon local practices and regulations, it 
was round that the estimated annual national refuse composi-
tion (in 1968) was as follows: 
Paper - ,1.6% by weight 
Food Wastes 19.3% by weight 
Metal 10.2% by weight 
Glass 9.Cf/o by weight 
Wood 3.0% by weight 
Textiles 2.7% by weight 
Leather, 1.9% by weight 
Rubber 
Plastics 1.4% by weight 
Total = 100.0% 
Much detailed analysis was carried out in preparing the cited 
report with the objective of providing projected data. The 
projected refuse composition results can be stated as follows. 
a) "Glass: The projections show that the fraction of 
glass in refuse will not change significantly over 
the next 30 years. This projection could change 
(downward), however, if low cost beverage and food 
grade plastic containers are developed. The impact 
would be greater still if degradable plastic con-
tainers are developed. 
b) Metal: The projections show a slight drop in the metal 
content of refuse. Although on a total-weight dis-
carded basis (considering the growth in per-capita rate 
and population) the amounts may increase slightly in a 
given community, these results do not forecast a signif-
icant increase in the concentration of metal in refuse 
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for salvage recovery. ,The economics of metal-recovery 
operations, therefore, should not be expected to vary 
as a result of changes in the amount of metal present. 
c) Paper: Continuing its historical upward trend, paper, 
cardboard, and other wood fiber products will comprise 
the dominant fraction of refuse. The growth (30 to 35% by year 2000) will decrease refuse bulk density, 
adversely affecting almost all refuse collection, stor-
age, and handling operations associated with refuse-
disposal facilities. The increase may have a favorable 
impact on the economics of wastepaper recovery. This 
practice should become of increasing importance in 
light of the diminishing availability of new pulp re-
sources forecast for the late 1980 1 s. 
d) Plastics: The almost 400 percent growth in the plas-
tics fraction of refuse is disquieting. Operating 
problems associated with the burning of this ~aste com-
ponent can be expected to increase." 
When the above trends are combined with an anticipated 
increase of 70 percent in the per capita rate of waste produc-
tion, and with the expected 54 percent increase in the overall 
United States population by the year 2000, it can be seen that 
the amount of waste to be disposed of will be approaching gi-
gantic proportions. The most significant fractions of this 
gigantic load will undoubtedly be paper (such a large part of 
the total) and plastics, (for which current methods of dis-
posal are either difficult, or unsatisfactory, or both). 
3.3 Project Development 
The goals of this project were recognized as the devel-
opment of a waste disposal scheme which was to be compatible 
with the environment and less costly than the cheapest satis-
factory alternate means of disposal. It was hypothesized 
that a reclamation facility might provide such a solution. 
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The benefits of a reclamation scheme are three-fold. 
Valuable fractions of the municipal refuse are recovered and 
returned to usefulness, thus a) preserving limited national 
resources;,and b) returning revenues to the operation. Addi-
tionally, c) the remaining amount of refuse which must be 
handled by other means is diminished, thus reducing disposal 
costs. 
There are two basic problems associated with a reclama-
tion scheme. Municipal refuse can be thought of as a hetero-
geneous ore which contains several potentially valuable frac-
tions. However in its heterogeneous state municipal refuse 
has no value. Value accrues to the various fractions only as 
they are separated to satisfactory levels of purity. The 
purity of a reclaimed fraction has a very definite effect on 
the value of that fraction. For almost all applications, 
there is a premium on high levels of purity, and a loss of 
value with low levels. Separation then is the first basic 
problem. 
The second problem associated with a reclamation scheme 
is the marketability of the reclaimed fractions. F.ven if it 
is technically feasible to extract a particular fraction with 
a very high degree of purity, if there is no market demand 
for the fraction the separation efforts are wasted. Accord-
ingly, it is important to know first what fractions of munici-
pal refuse have potential market value, and then. design a 
separation facility to produce those fractions. 
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Bearing these problems in mind, a plan was drawn up 
to be followed for the development of a conceptual design for 
a hypothetical municipal refuse reclamation system. This plan 
is depicted schematically in Figure 11. The stages in this 
plan are as follows. 
First, used as the starting point was the composition 
of typical nrunicipal refuse as reported in "The Nature of 
Refuse," by W. R. Niessen and s. H. Chansky (67), the results 
of which were listed previously. in section 3.22. Based on 
this reported composition, a guess was made as to possible 
valuable fractions which might be extracted from the nrunici-
pal refuse stream of the Lehigh Valley. The above mentioned 
report indicates that "Yard Wastes 11 ( such as leaves, grass, 
plants, and trimmings) and "Miscellaneous" wastes (demolition 
wastes, street sweepings, etc.) seem very sensitive to both 
geographical location and local practices and regulations. 
However, the other eight ca.tegories (paper, metal, glass, wood, 
textiles, leather and rubber, plastics, and food wastes) 
seem much less sensitive to such variation. Accordingly, 
it was felt that, for purposes of this project, the typical 
composition reported would provide a sufficiently accurate 
approximation of the municipal refuse composition of the 
Lehigh V Fl lley. 
The report also indicates that paper is by far the 
predominant portion of municipal refuse. Reclaimed paper 
has several possible uses. Hence, there seemed to be a high 
probability that paper reclamation could be profitable. 
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Glass is another consitutent which is a significant 
fraction of the total refuse stream. It appeared initially 
that glass might possibly be quite easy to separate, and 
that there·would be a market for it. 
The third fraction is plastics. Although plastics are 
a very small portion of the total refuse stream today, thetr 
use is growing rapidly. It appeared quite probable that 
plastics might rise to a significant fraction in the future. 
These, then, were the three fractions whose marketability was 
investigated. 
Another fraction of potential value was metals, but it 
was felt unnecessary to investigate the marketability of this 
fraction, in view of the clearly defined use for reclaimed 
metals, via recycling, and the existence of the well-established 
scrap metals industry. 
Starting with the assumption that these fractions could 
be separated from the total refuse stream, investigation was 
made into the possible uses for them. This investigation has 
the purpose of identifying which of the reclaimed resources 
might be used in various industries. These industries were 
questioned as to what materials, obtainable from municipal 
refuse, might be used in their processes; what would be the 
possible uses for each such material; for a particular use, 
what would be the purity requirements required of the mater-
ial; for that use, that contaminants would be absolutely pro-
hibited; and finally, what contaminants could be tolerated in 
limited quantities? 
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The results of this investigation into the marketabil-
ity of the above mentioned fractions was as follows. There 
is definitely a market for second hand paper for recycling 
in the paper industry. Other possible uses include use of 
paper fiber in the building insulation and acoustical tile 
industry, and in the use of paper as a source of cellulose 
in the cellophane and related chemicals industry. (For this 
latter use there is a limitation in that the source of cellu-
lose be dissolvable in a caustic soda solution.) 
For glass, uses include such recent innovations ar 
use as a permanent aggregate, as in glasphalt. Also, if 
the glass is clean and segregated by color, it can be re-
cycled in the glass manufacturing industry. There is also 
a market for such glass as is suitable for manufacture of 
glass beads used in reflecting highway lane markings and signs. 
The outlook for plastics was not as promising. Al-
though some specific types of plastic scrap are recycled, 
this is done only where a 100% concentration of a particular 
type is obtainable, as in plant wastes from a particular oper-
ation. In municipal refuse, however, there are too many dif-
ferent kinds of plastics, only some of which could be recycled 
even if pure; and there is no technique for separating the 
various kinds from each other. In view of the fact that plas-
tics is only a small fraction of the total waste stream, it 
did not appear worthwile to attempt to develop such a separ-
ation technique. 
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In partial summary therefore, the first stage of our 
plan of action to develop a municipal refuse reclamation 
system was the identification of possible valuable fractions 
obtainable from municipal refuse. The second stage was the 
investigation into the potential uses and marketability for 
those fractions. Next came the third stage which was inves-
tigation into the separation methods and processes available 
for meeting the criteria necessary for the potential uses 
identified in stage two. Stage three included an investiga-
tion into the state of the art in the areas of materials 
handling and salvage, and the area of techniques used in 
the extractive industries. 
During stage three it became apparent that there are 
conceptually two basic types of separation methods. The first 
type is based on a sufficient number of tests to satisfactorily 
identify each piece of material undergoing treatment, and sub-
sequently handle it on the basis of this one initial identifi-
cation. The second basic type is to make a binary choice 
based on some characteristic the material either has or does 
not have, and at the same time process the material in ac-
cordance with the presence or absence of this characteristic. 
Such binary techniques fall into two sub-classes, one being 
an absolute choice method, and the second being one based on 
probability. An example of the first would be a float-sink 
test. If there is sufficient difference between the densi-
ties of the materials sorted, and if a liquid of an inter-
mediate density can be used, the specific bits of material 
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will either sink or float. By contrast, an example of a prob-
ability test would be screening to separate by size. Although 
samples larger than the mesh of the screen will not pass 
through tqe screen, there is no guarantee that all particles 
of size smaller than the screen mesh will pass through. It 
is only likely that the small particles will pass through ~f 
conditions are proper (i.e., screen of sufficient size and 
limited flow rate across the screen). 
The fourth stage in the plan of action was the utiliza-
tion of the knowledge gained in the previous stages; the devel-
opment of a conceptual design for a municipal refuse reclama-
tion system. In the actual performance of stage four, two 
such systems were developed. The first system is a dry sep-
aration process, based primarily on probability binary types 
of separation techniques. The second system is a wet pro-
cess, based largely on absolute binary techniques. Both of 
these techniques will be discussed in detail later in this 
report. 
The fifth and final stage of our work consisted of ex-
perimentation in both wet and dry separation techniques in 
order to resolve some of the problems uncovered during the 
execution of stage four. The areas covered were ballistics 
separation, floatation separation of paper and plastics and 
air classification of paper and plastics. The results and 
conclusions are presented in section 3.9. 
136 
! ' i' i 
',, 
::: l'' 
.: " 
:1 
'I 
:J 
'I 
,'l 
! 
rj 
J 
: i :i 
. ' 
.. 
I:' 
I: ii' it I 
'!: 
j i 
'.1:d 
. l 
' ' I 
; I 
'i 
~ I 
,, 
), 
; I ' 
'! 
·, 
' 
' i I 
l 
! 
I. 
,-.... ' .. ',.-, 
... ··--~ . .-.,, .... -···· 
Stages one through four of the above study plan were 
performed during the first semester of the overall two semes-
ter investigation period. Based upon the conclusions and 
recommendat.~ons for further study arrived at during this 
period (section 3.8), the fifth stage, experimentation, was 
conducted the second semester. 
3.4 Ma,1or Techniques Incorporated in a Solid Waste Reclam-
atiori Plant 
Before the actual presentation of this group's two 
plant proposals, it is desirable to discuss the theoretical 
aspects of some of the major types of apparatus which could 
be employed in a solid waste reclamation plant. In order to 
achieve the highest degree of purity, it is essential to pro-
cess the waste in order to attain as homogeneous an array as 
possible. A homogeneous mixture can be accomplished by ini-
tially shredding and then drying the material, or by pulping 
the material with a process similar to that used in a paper 
mill. Whichever the case may be, the results are essentially 
more uniformly sized particles. 
Color Coding by Use of Air Switching 
A machine (see Figure 12) has been developed by the 
Sortex Company of North America to sort translucent glasses 
by color. This machine is currently being used by the Bureau 
of Mines to sort glass fragments into flint glasses and colored 
glasses. After appropriate screening, the glass, which must 
be a uniform size, is fed from a hopper to a vibrating table 
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and then to a grooved belt. As the pieces fall from the end 
of the belt, each one is sensed by three photocells, appro-
priately filtered., and the smaller fraction (either color or 
uncolored) is diverted by rapid-acting air blasts to a separ-
ate hopper. 
3.42 Conductivity Coding by Use of Air Switching 
Figure 13 shows diagrammatically a machine produced 
by Air Sorters (Canada) Li~ited in which the feed is distrib-
uted onto and falls down a 48-inch-wide angled slide. One or 
more of a series of electrodes carrying a steady potential 
with respect to the grounded slide makes contact with each 
particle and the current through the particle enables it to 
be coded as having "high" or "low" conductivity. As the 
pieces fall off the end of the table, air blasts divert 
either the high or low conductivity pieces (whichever is 
in the lower portion) to an alternate hopper. This process 
also requires that the various particles be fairly uniform 
in size. 
3.43 Sorting by Density and Drag 
The air classifier (Figure 14) consists of a zig-zag 
duct arranged with its principal axis vertical. Air is drawn 
off from the top and the shredded material is fed into the 
duct at an intermediate point. Pieces with a combination of 
low density and high drag are entrained into the rising air 
stream, while the heavier or lower drag pieces descend. It 
has been claimed that components having densities only a few 
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percent apart can successfully and economically be sorted. 
This type of apparatus requires the input to be pulverized, 
dried, and screened so that the classifier is fed with pieces 
varying in' size by only a small degree. 
3.44 Fluidized-Bed Separator 
A fluidized-bed separator has been adapted for pulver-
ized refuse at the Warren Springs Ministry of Technology Lab-
oratory in B~itain. Air is supplied to several sections of a 
pourous-bronze table, which is then vibrated. A size selected 
medium is kept in suspension and recirculated, the feed par-
ticles being larger than those of the medium so that simple 
filtering can be used. The dense particles, which sink to 
the bottom of the bed, are moved by the vibrating table to 
a conveyor belt, while the lighter feed particles flow along 
the top of the bed. This unit has been installed in a pilot 
plant with operating costs of $0.25 to $0.50 per ton, includ-
ing depreciation of machinery. 
3 .45 Sorting by "Bounce" 
Another very successful technique (see Figure 15) used 
to sort hard from soft materials is to allow the shredded flow 
to fall onto a tilted vibrating table. The soft materials are 
moved upwards by the table, whereas the hard materials bounce 
off the belt into a hopper. This particular method can be 
used to separate larger pieces of glass from paper. 
3.46 Magnetic Flocculation 
The principle of magnetic flocculation is that floccu-
lation occurs after a slurry of particles is piped through a 
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magnetic field generated by magnets surrounding a section of 
the pipe. The ferromagnetic particles become magnetized into 
minute magnets and agglomerate due to the attraction of un-
like poles. 
With the prior addition of a small quantity of chemi-
cal flocculants, fine agglomerates are formed from non-mag-
netic and ferromagnetic particles which are then charged. 
Magnetic attractions then cause the formation of large ag-
glomerates with sufficient mass to settle rapidly in a suit-
able thickening unit. 
3 .In Ballistic Separator 
Shredded material is dropped from a conveyor belt onto 
a rotating, bladed cylinder (see Figure 16). EAch particle, 
depending on its density and the amount of energy absorbed by 
the impact with the blade, will be thrown a calculated dis-
tance. Three chambers will be incorporated to catch the par-
ticles. Within the first chamber will fall the paper and the 
soft plastics. The second chamber will primarily receive the 
glass chips, and the smaller hard plastics. The third chamber 
will receive the metals and larger hard plastics. 
Dry Method For Municipal Refuse SepRrntion 
The municipal refuse, excluding such things as engine 
blocks and white goods (sinks, refrigerators, etc.), will be 
fed into a shredder and shredded, which will enable the mat-
erial to be hRndled in a roughly uniform manner, 
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The shredded refuse will then be passed through a dry-
ing stage to facilitate the dry separation process. This dry-
ing stage can be accomplished in a variety of ways. The pro-
posed method is one which conveys the shredded material through 
a long bin; the conveyor belt itself is a very fine mesh wire; 
the drying is accomplished by hot, dry air (between 1$0°F and 
200°F) which is blown through the mesh conveyor belt and thus 
through the shredded material. 
The dried shredded refuse will then be fed into the sep-
arator (see Figure 17). The material will fall onto a tiled, 
vibrating screen network (A). This network is made up of two 
parts: an upper screen (B), which is a large mesh screen (ap-
proximately four inch.mesh); and a lower screen (C), which is 
a much smaller mesh {approximately one inch mesh). Larger 
pieces of paper, metals, heavy and light plastics will pass 
over the large mesh screen to the end. Smaller pieces of 
paper, metals, heavy and light plastics, glass chips and 
bottle caps will fall through the top screen to the lower 
screen. Glass chips, bottle caps, and small paper fibers 
will fall through the lower screen; the remainder of the 
material falling through the upper screen will pass to the 
end of the lower screen. 
The material falling through the lower screen will be 
passed through an SRI Zig-Zag Air Flow Classifier (D) which 
will separate the paper from the glass chips and bottle caps. 
The glass chips and bottle caps will fall to a conveyor and 
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form the outflow of glass and bottle caps (E). This flow may 
be further purified by running the material through a Sortex 
Color Separator (Figure 12) which can separate the bottle caps 
from the ~lass, and then the glass into color categories (a 
separate sensor is needed for each separation step in this 
multiple glass separation procedure). The paper and soft 
plastics from the zig-zag classifier are then conveyed to 
the main paper and soft plastics outflow (F). 
All the material passing over the screen network will 
then be separated with a ballistic separator (G). The mater-
ial is dropped onto a rotating, finned drum; the material at 
this stage will be composed of the larger pieces of paper, 
metals, heavy and light plastics which pass over the upper 
screen, and the smaller pieces of paper, plastics and metal 
chips not falling through the lower screen. 
The materials which absorb energy easily (e.g., paper, 
soft plastics) will not, upon being struck by the drum, go 
far, and thus will drop into the first bin (H). The down-
ward air flow (I) near the end of the first bin insures that 
all paper and soft plastics will fall into this first bin. 
The material falling into the first bin is dropped to a con-
veyor belt which deposits the material on the ·paper and soft 
plastics outflow (F). 
Materials with intermediate energy absorbing charac-
teristics, which will consist of larger pieces of glass and 
biological material, will land in the second bin (J) and be 
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dropped to a conveyor. This outflow (K) will be heterogen-
eous in nature and may be recycled to further extract any 
usable fractions of materials. 
The harder materials, which undergo somewhat elastic 
collisions when they hit the rotating drum, will be thrown 
into the third bin (L). This material will be mostly metals 
and hard plastics. 
The material from the third bin will pass through a 
magnetic drum separator (M). The magnetic metals will then 
be deposited on a conveyor, and will form the ferrous metal 
outflow (N). The remainder of the material from the third 
bin will consist of nonferrous metals and hard plastics. 
This outflow (P) may be further purified by passing the mater-
ial through a floatation bed; this process will yield a flow 
of nonferrous metals and a flow of hard plastics. 
The main outflow of this dry separation method will 
thus consist of five parts: a) the outflow of glass chips 
and bottle caps (E) (which may be separated further); b) the 
outflow of paper and soft plastics (F); c) the outflows of 
heterogeneous material (K); d) the outflow of ferrous metals 
(N); arid e) the outflow of nonferrous metals and hard plastics 
(P) (which may be separated further). All of the outflows 
will have compost-like (or biological) material mixed with 
them; however, the compostable material will be spread thor-
oughly and thinly enough so as to be negligible. 
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If a compost-free outflow is desired on one of the 
material flows other than the paper outflow, the sorting by 
"bounce" technique (Figure 15) can be applied. With use of 
this technique, the compostable material will stick to the 
tilted conveyor, while the harder materials will bounce off 
the conveyor. 
This dry separation method has the advantage of yield-
ing all the materials moisture-free, and thus does not inher-
ently limit the available markets for the final materials with 
respect to moisture restrictions. This dry method is also less 
expensive than the wet separation process, which will be dis-
cussed shortly, although the purity yield is poorer for the 
dry process than for the wet process. The dry method will 
also be noisier and dirtier than the wet method, and will 
not control the odor of the material as well as the wet 
method. 
This dry separation technique is a process based on 
probability binary tests rather than absolute binary tests, 
and is by no means perfect. The degrees of purity for each 
usable outflow of material will range from eighty to ninety 
percent. This does, however, present a considerably purer 
reclaimed material than has been previously available. 
With more work along lines which will be suggested later in 
this report, a purity range from ninety-five to ninety-nine 
percent may be possible 
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Wet Method for Municipal Refuse Separation 
The dry system previously proposed would tend to be 
objectionable in regards to the levels of noise, odor, and 
dust. Therefore it was decided to design a system using, 
wherever possible, separation methods in which the separa-
tion is carried out with the refuse in solution. It was felt 
that the use of such a process would also e.ffe ct a more effi-
cient separation, yielding purer products than obtained using 
the dry process. 
3.61 General Process Description 
The wet separation process as currently proposed coin-
bines methods commonly used in ore concentration plants with 
the basic principle of preparing paper for re-use by agita-
tion until a slurry of paper fibers is obtained. Early in thA 
process (see Figure 18) the waste is divided into "light" and 
"heavy" components; the two components are then further treated 
separately. 
The incoming waste is first shredded to obtain uni-
formly sized particles for subsequent steps. The shredded 
waste is then fed into the paper pulping unit (see Figure 19) 
where the paper, textiles, leather, and some fibrous food 
wastes are broken down to fibers. These fibers, soft plastics, 
and fine particles of glass are then pumped off the top of 
the unit as the light portion; coarse pieces of glass, metals, 
and hard plastics sink to the bottom and compose the heavy 
portion. 
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The light portion, after being pumped off, is then 
passed through a coarse screen to remove large pieces of soft 
plastics. The remaining light portion is then dewatered on a 
continuous rotary filter (see Figure 20). The dewatered glass 
fragments and paper fibers are then passed on to a heavy liq-
uid sink-float tank (see Figure 21) where the fine glass sinks 
to the bottom and the paper fibers rise to the top. Both por-
tions are then dried and readied for shipment to users - the 
paper mills and the glass, after color separation using the 
Sortex color classifier, to glass manufacturers. The water 
removed during dewatering is treated and then recycled back 
to the pulping unit. 
The heavy portion is removed from the pulping unit and 
passed under a magnetic separator to remove ferrous metals. 
The remaining portion is then dried in a rotary kiln or steam-
heated batch dryer. 
The heavy material is then passed through a fluidized 
bed sink-float unit using a colloidal suspension. Hard plas-
tics rise to the top, while coarse glass pieces and nonferrous 
metals are taken out the bottom. The bottom portion is dried. 
The glass and nonferrous metals are then passed over 
an electrostatic separator, essentially a charged, rotating 
drum. The dielectric glass will be repelled from the drum 
while the metal will pick up a charge and not be repelled. 
In this manner, final separation of glass and nonferrous 
metal will be effected • 
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3.62 Particulars of Certain Parts of the Process 
As previously stated, the paper pulping unit is simi-
lar to those used in paper plants, with certain modifications 
to suit it to solid waste (see Figure 19). The unit consists 
of a steam heated vessel with a central agitator. The solid 
waste will be dumped in at the top. The three groups of prod-
ucts will be removed: fine glass, soft plastics, and paper 
fibers are pumped out the top; wood R!ld other floatables re-
moved through an overflow trough at the side of the vessel; 
and metals, coarse glass pieces, and hard plastics are re-
moved through a conveyor at the bottom. 
The pulper will be operated on a semi-continuous basis. 
The vessel will be almost filled with water before any waste 
is added. Then, with the agitator rotating, shredded waste 
will be added until the unit is loaded to capacity. Follow-
ing a sufficient amount of agitation to break the paper dovm 
into its composite fibers, agitator speed will be reduced to 
a speed just sufficient to keep the paper in suspension while 
allowing the heavier fraction to sink. 
After a certain amount of settling has occurred, pump-
ing of the slurry of paper, glass, and plastics will begin 
just below the surfnce. As the liquid level drops, the in-
let to the pump will also be lowered. In this manner, settling 
will continue while the pump is in operation. 
When approximately SO per cent of the liquid has been 
pumped from the tank, pumping will cease and the conveyor will 
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begin removing the heavy portion. At the same time the water 
in the vessel will be replenished by the introduction of re-
cycled, filtered water through the conveyor tube. The water 
will serv~ to remove any fibers attached to the heavy mater-
ials. When the heavy portion has been removed and the water 
level restored, the cycle will begin again. 
3.63 The Continuous Filtering (Dewatering) Unit 
The continuous filtering unit, recommended for water 
removal from the light portion of the material to be separa-
ted, is commonly used in ore concentration operations. It 
consists of a segmented rotating drum covered with filter 
cloth (see Figure 20). As the drum rotates, the segments 
dip under the surface of the slurry and a portion of the 
slurry deposits on the filter cloth surfaces. Vacuum is 
applied to the interior of the segments just before they 
dip under the slurry surface, and serves to both enhance 
pickup of the slurry and remove the water. The vacuum re-
mains on for about three-fourths of the drum's rotation. 
In the last quarter of the drum's rotation, the vacuum 
is removed and compressed air is applied to the interior of 
the filter cloths to remove the dewatered cake. The water 
is removed from the center of the drum and the dewatered 
solids fall on to a conveyor belt to be removed. 
3.64 The Sink-Float Unit 
The sink-float unit is also s.imilar to those used in 
the mining industry. The unit consists of a tank containing 
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a liquid ·or colloidal suspension with a density between that 
of the two mat.erials to be separated ( see Figure 21) • The 
material to be separated is inserted into the tank below the 
liquid surface. Those materials heavier than the medium sink 
and are removed by a conveyor belt while the lighter materials 
float and are skirmned off the top. 
3.65 Products and Potential Markets 
Four products of the wet method would be commercially 
salable, paper fibers, glass, and ferrous and nonferrous 
metals. The hard and soft plastics would be co~posed of many 
different types of compounds and at present no market is avail-
able for these substances. Therefore, the plastics would prob-
ably be landfilled. 
As already stated, the paper fibers could be sold to 
paper mills as low-grade used paper for recycling back into 
paper products. Other potential markets would be to manufac-
turers of wallboard or other insulating materials, or to cel-
lophane manufacturers. 
The obvious use for scrap glass is to separate it by 
color and re-use it directly in the glass industry. It would 
also be possible to use the finely ground glass in highway 
signs, reflective paint for highway markings, and as a binder 
in asphalt and concrete. 
Ferrous metals, much of which would be in the form of 
tin cans, would go to a detinning plant and from there to 
steel companies. Nonferrous metals would be hand sorted and 
sold to the appropriate companies. 
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).66 Comparison with the Dry Method 
As previously stated, the wet method was intended to 
overcome the dry method objections of noise, odor, and dust. 
As per this proposal, the wet method would tend to make a 
more efficient separation than the dry method, This would 
be due to the use of more clear-cut separation criteria (d~n-
sity, magnetic and electrical properties) as compared to the 
dry method (density-drag combination, particle size, energy 
absorption) • Also considering efficiency, since the waste 
is not dried after shredding, there is no chance for dissim-
ilar materials (i.e., food wastes and glass) to be "baked" 
together. Thus a purer product would be obtained. 
The most obvious disadvantage of this method is its 
cost of operation; large numbers of pumps and filters would 
tend to make energy costs relatively high. In addition, re-
peated wet and dry operations necessitate several driers which 
would increase both initial and operating expenditures. 
Possibly the most attractive feature of the wet pro-
cess, when compared to the dry process, is its simplicity of 
operation and resultant high dependability. In contrast to 
the dry method, where the ballistic separator must be kept 
clean and running at a particular speed, there are very few 
variables in the entire wet process. Merely by providi.ng 
backup pumping systems, it should be possible to keep the 
wet process operating almost continuously, 
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Estimate of Potential Revenue Available to a Mtmicipal 
Refuse Reclamation System 
Recalling that our problem.study, as defined, required 
that a proposed solution be less costly than the cheapest al-
ternate means of disposal, an estimate of the economic feasi-
bility for a reclamation system is desirable. In order to·. 
make an economic evaluation, estimates are required for the 
costs of, and revenues anticipated for, such a facility. 
Many of the various components of the two proposed 
separation systems are in concept similar to equipment pres-
ently used in various industries. Unfortunately, the specific 
tasks required of the equipment in a reclamation facility 
would be sufficiently different from those currently faced 
by equipment now in use. Thus it is unlikely that such equip-
ment could be adapted, without modification, to the task of 
reclamation. This means that much of the equipment to be 
used in the reclamation facility will very likely have to 
be custom designed and manufactured. Compounding this prob-
lem is the total non-availability of data as to the capabil-
ities of such essential elements as the paper pulper unit 
used in the wet separation process. For these reasons, it 
was felt that estimation of the cost of facilities based on 
the two proposed systems would be difficult. There was also 
a lack of time available for the preparation of such estimates. 
Since hurried, possibly grossly inaccurate, estimates would 
be potentially misleading, no cost estimates are presented. 
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Although the development of cost estimates suffici-
ently accurate to be bf any value appeared unlikely within 
the time available, estimates of the potential revenues, of 
sufficient accuracy so as to be useful, could be developed. 
Although such an estimate does not demonstate the economic 
feasibility of either of the proposed separation facilities, 
it does give a measure of the economic potential available 
to such a facility. Such an estimate is valuable in that 
should the potential be very small, the possibility of devel-
oping a reclamation facility that could "pay its own way" 
would be dim indeed. Alternately, should the potential be 
extremely large, it would be obvious that even a very expen-
sive reclamation facility would be economically feasible. 
To indicate the revenues potentially available, esti-
mates were prepared (see Table 10), based on three major as-
sumptions. The first assumption was that the alternate means 
of disposal was sanitary landfill, and that the cost of dis-
posal by that method is approximately $3.00 per ton. rrn 
larger ubran areas, this alternate cost rises dramatically. 
Some such areas are so large that transportation costs to get 
to available (but distant) landfill sites are so great that 
the preferred method of disposal is incineration, at costs of 
up to $15.00 (or more) per ton1. The second assumption was 
that the per capita generatton rate of municipal refuse is six 
pounds per day. The third assumption was that nothing would 
be reclaimed but paper, glass, and metals, and that, of these 
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constituents, only 85 percent would be reclaimed. (It is 
quite possible that in practice this fraction might increase 
to 95 percent or better). 
It was recognized that not all of the municipalities 
in the two-county area would utilize a centrally located re-
clamation facility. For the smaller outlying municipaliti~s, 
transportation costs would be prohibitive. Accordingly, the 
Allentown-Bethlehem-Easton (ABE) urban region was recognized 
as the target area. 
The estimated annual waste load for the ABE urban re-
gion was computed as follows. First the current population 
was estimated as 400,000, based upon the preliminary 1970 
census for Lehigh and Northampton Counties. Having previously 
assumed that the municipal solid waste generated in this area 
is six pounds per capita per day, the total waste generation 
rate equals 1,200 tons per day or 438,000 tons per year. 
We assumed that should a reclamation facility be de-
veloped, municipal refuse collectors would be willing to pay. 
approximately the same amount per ton for discharge privileges 
at the plant as they would for discharge privileges at a sani-
tary landfill (estimated to be $3.00 per ton). It was also 
felt that such a reclamation facility could dispose of its 
wastes by landfill at roughly the same rate as for municipal 
refuse; thus, a disposal cost for the unreclaimed portion of 
the total intake was assumed to also be $3.00 per ton. 
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The composition of the municipal refuse was assumed to 
be as reported in "The Nature of Refuse" ( see section 3. 22) • 
"Yard Wastes" were included as a part of the total composi-
tion. The amount of "Yard Wastes" indicated in Table 10 is 
based on data reported for other areas which have a similar 
geographical and climatological environment as the Lehigh. 
Valley. 
After making the necessary calculations, the results 
are as tabulated in Table 10. These calculations reveal 
that at the estimated reclamation rate, by recycling only 
paper, glass, and metals, the amount of refuse reclaimed 
would be 53 percent leaving only 47 percent requiring dis-
posal by conventional means. Associated with this level of 
reclamation are estimated net revenues of almost $3.6 million 
per year. This figure seems overwhelming; but this is less 
than $10.00 per person per year, and thus perhaps is not so 
far·out of line. Certainly it appears that there is definitely 
economic potential for a reclamation facility in the Lehigh 
Valley. Net revenues of the above estimated magnitude would 
be capable of supporting quite an expensive reclamation 
facility • 
J.8 
3.81 
Recommendations for Further Study and Conclusions 
Study Areas Related to the Dry Separation Process 
One significant problem with the dry separation pro-
cess, as proposed, is that no method is developed for the 
separation of paper from the soft plastics. At this point 
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in the process recourse could be made to a wet separation 
method, (for ~xample, pulping the paper and screening out 
the plastics). A dry method to separate these two materials 
might we~l be more desirable than a wet method. Possibly 
with further work such a method could be developed. 
Another area worthy of additional study is the heart 
of the dry process, the ballistic separator. Such a study 
might consider such parameters as optimum geometry of the 
rotating drum, optimum angular velocity and the number of 
meaningfully different categories the feed material can be 
separated into. For example, the ballistic separator, as 
proposed, separates the feed material into three categories 
by employing three different collector bins. Pe:r•haps four 
gradations, by employment of four bins, is justified. 
3,82 Study Areas Related to the Wet Separation Process 
The first area of study with the wet separation pro-
cess should be a feasibility study of the paper pulper. Al-
though initial cursory experimentation seems to indicate 
that this process should work, further experimentation to 
demonstrate the validity of such a conclusion seems appro-
priate. Concurrent with the feasibility study, investiga-
tions as to the throughput capacity (expressed in terms of 
significant parameters such as volume and horsepower of the 
unit) should be conducted. Such data is essential before 
any estimate can be made as to the physical scale required 
of the unit for any particular duty. 
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If feasibility is successfully demonstrated, further 
efforts at optimization of the design, such as optimum vessel 
and agitator configuration, should prove valuable. Such 
studies could also investigate the necessity of prior shred-
ding of the refuse before pulping. It is possible that the 
pulper could also do double duty as a pulverizer, thus re-
moving the necessity for shredding. 
Another area of investigation, which would be an ex-
tension of the marketability in¥estigation, would be the 
generation of representative samples of the resources whose 
reclamation via the wet process is anticipated. These sam-
ples could then be used as the basis for studies by those 
industries which have expressed an interest in possible utili-
zation of the resources. 
The final area for further study (which would apply 
equally to both the wet and dry processes) would be a contin-
uing investigation into the state of the art and equipment 
available in related existing industries. Such industries 
include the paper, glass, and metals production industries, 
as well as the extractive industries such as mining. This 
study would also include a continuing search aimed at keep-
ing abreast of current technology in the field of materials 
handling and separation. 
J.83 Conclusions 
We have succeeded in developing two separation systems, 
e~ch of which appears to be technologically feasible. Addi-
tionally, estimates made in the course of this project indicate 
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a very high economic potential ·ror such a system.· As a re-
sult, the concept of reclamation appears to offer a near 
ideal solution to at least a part of the municipal solid 
waste problem. Of equal significance, this solution also 
helps to conserve our limited natural resources. Certainly 
there is strong incentive for continuing the work initiatep 
by this project through development of those areas described 
herein as warranting further study. 
3.9 
3.91 
Experimental Test Program 
Introduction 
The initial sections of this report, concerning the re-
clamation of municipal waste, studied the feasibility of a re-
clamation facility, the marketability of the recovered materi-
als, and presented two methods for municipal refuse separation. 
This final stage of the project was intended to perfect those 
portions of the reclamation facilities that were questionable 
in the previous discussions. 
The problem of the separation of municipal refuse into 
usable components is a complex one. Due to the thorough heter-
ogeniety of the refuse, it was necessary to design separation 
processes that would produce materials of a purity sufficient 
to qualify the materials as raw resources for industry. With 
respect to this purity requirement, further investigation was 
required in two areas: the realistic ability of ballistic 
separation and an effective technique to separate paper from 
soft and light plastics. During the ·course of the experimental 
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work, a small scale ballistics sorter was built and tested, 
and paper-plastic separation was approached from two direc-
tions: floatation and air-flow classification. 
In· order to treat the problems of ballistic separation 
and paper-plastic separation, it was necessary to assume that 
the refuse would be made homogeneous with respect to individ-
ual particle sizes. For the purposes of the tests conducted, 
idealized particle sizes were used, i.e., all the materials 
used were made to be approximately the same size. In reality 
this idealized condition of particle size can only be approx-
imated by shredding the material before it is cycled through 
the separation facilities. 
The tests conducted were limited with respect to the 
time available for testing and the sophistication of testing 
devices, i.e., the test equipment was makeshift, involving 
only those materials and devices which were on hand or could 
be acquired quickly. 
Due to the limited lmowledge concerning the techniques 
being tested (i.e., limited knowledge with respect to the ma-
terials to which the techniques were being applied), the de-
velopment of the experiments followed a trial and error path. 
The problems were approached with educated guesses about the 
behavior of the materials in the testing circumstances, and 
the procedures were improvised as positive or negative re-
sults were obtained; in other words, the test results traced 
the future course of the testing procedures. 
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3. 92 Floatation Tests 
Metalllµ'gical mineral concentrating plants use the 
principle of floatation to separate ore mine.rals from value-
less· mine,rals. The process takes advantage of surface ad-
sorption characteristics of different materials. Some mate-
rials prefer surface contact with water and are called hydro-
philic materials, while other materials prefer surface con-
tact with a gas, such as air, and are called hydrophobic 
materials (see appendix D). Most paper and plastics conform 
to the respective classifications of hydrophilic and hydro-
phobic, and therefore floatation tests were conducted on a 
mixture of the two materials. 
3.921 Procedure 
Shredded newspaper and soft plastic were mixed in pro-
portion to their respective amounts in municipal refuse: on 
a twenty gram basis, ten grams of paper (fifty percent by 
weight), and four grams of plastic (twenty percent by weight). 
The fourteen gram mixture was placed in a floatation cell, 
and compressed air was intro.duced from the bottom of the cell 
at pressures ranging from slightly above atmospheric pressure 
to fifty pounds per square inch. The results were noted. 
The floatation cell apparatus was very simple. It was 
constructed of clear plastic, a cylindrical tube, six inches 
in diameter, three feet in height, and open at both ends. A 
closed-end cyiinderical sleeve with an inlet hole. was inserted 
into one end of the three foot cylinder to seal that end. 
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The sleeve was equipped with slotted plastic tubing which fed 
into the sleeve through the inlet hole and provided the en-
trance for the compressed air. Screening was placed over the 
cross-section of the sleeve to provide a lower limit for sink-
ing materials and to effect a dispersion of the air bubbles 
throughout the cross-section of the entire cell. Where nee~ 
essary, water-tight seals were made with perma-gum sealant. 
3. 922 Results 
We observed that: no separation could be effected on 
a mixture of paper and plastic newly added to the floatation 
cell; a small degree of floatation separation could beef-
fected on an agitated mixture of paper and plastic which had 
soaked for a length of time; bubbles created at low pressures 
were too large in size to attach themselves to particles; and 
bubbles created at higher pressures caused turbulence to the 
extent that more mixing than separation of the two materials 
occurred. 
3.923 Discussion 
No separation could be effected on paper and plastics 
' newly added to the cell because all the material tended to 
float, i.e., the paper was still saturated with enough air 
to cause it to float. 
Bubbles created at low pressures tended to remain 
large in size and did not attach themselves to particles. 
This nonattachment may be due to the free energy of the bub-
ble. A large bubble has a small surface energy per unit 
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volume, and a large negative volume energy, whereas a small 
b.ubble has a large surface energy per unit volume and a com-
parable negative volume energy.(85) Because of this total 
free ene~gy situation (where the total free energy is the 
sum of the negative volume energy and positive surface ener-
gy terms), small bubbles will more readily attach themselv~s 
to particles because in doing so they lower their total sur-
face energy per unit volume, and therefore lower their over-
all free energy. On the other hand, large bubbles will not 
lower their total free energy significantly by attaching them-
selves to particles because the total surface energy per unit 
volume is already quite small compared to the large negative 
volume energy term of the total free energy. 
When bubbles of an appropriate size to effect a floata-
tion separation were produced, the pressure was so high that 
turbulence was created throughout the cell. The turbulence 
caused currents in the small cylindrical cell that tended to 
mix the components more than the bubbles tended to separate 
them. A larger cell might alleviate the problem of currents. 
When a mixture of paper and plastics was allowed to 
soak so that the paper became thoroughly saturated with water, 
and the mixture was stirred, a small degree of separation by 
floatation could be attained at moderate air pressures. It 
is hardly worth the effort, however, to do so since when the 
paper and plastics are allowed to soak for a while, a natural 
separation occurs. The paper, when fully saturated with water, 
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sinks to the bottom of the cell while the plastic remains on 
the top. It was further found that the plastics tested, all 
of which were taken from municipal waste, has a specific 
gravity qf less than one; and, while paper by itself has a 
specific gravity of. less than one, when it is allowed to 
soak, the paper assumes the specific gravity of the water •. 
Therefore, the total specific gravity of the paper becomes 
a value which is the sum of that of water and of itself, 
thus allowing the paper to settle to the bottom of the cell. 
3.924 Conclusions 
On the basis of experimental evidence, we believe 
that the floatation separation of paper and plastic is inef-
fective because the floatation process will work only after 
the paper has thoroughly soaked in the water; however, after 
this length of time, a natural separation ha.s been effected. 
Therefore, a workable separation technique is one that em-
ploys "sink-float" settling tanks, where mixtures of paper 
and plastic may soak in water, thus effecting a settling of 
the soaked paper and overflow of the waste P+astic. It is 
recommended that such a tank be provided with very slight 
agitation so that the paper entrained within floating pieces 
of plastic will settle to the bottom and plastic entrained 
within settled pieces of paper will float to the top. 
A .sink-float tank is proposed in Figure 24. The mix-
ture of paper and plastic is introduced into a tilted, rotat-
ing tank equipped with spiral screws set along the outer 
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perimeter of the tank. The screws serve ·to agitate the charge 
in order to free entrained particles, while moving the settled 
paper toward the disch.e.rge end. Water, introduced at the 
paper-exit end, flows toward the opposite ond of the tank, 
thus effecting the overflow of the waste plastic, The plas-
tic may be discarded to a landfill, while the paper may be. 
removed from the discharge point for drying and marketing. 
3.93 Air Classification Separation Tests 
The material, accumulated from bin //1 of the ballistics 
separator (Figure 16), will be essentially ninety per cent 
paper products, However the remaining ten per cent will be 
detrimental contaminants, soft plastic. To be able to sell 
the paper these foreign materials must be eventually elimin-
ated, Air classification was studied as a possible solution. 
If a fluid, in this case air, is allowed to flow over 
a flat lnclined surface, it produces a flowing film, and the 
velocity of the fluid in the film varies with depth. Close 
to the surface of the table the fluid is held back by fric-
tion, and at points in the film farther away from the sur-
face the fluid has a. greater velocity. This means thnt a 
very light material will .travel faster thru1 a heavier materi-
al because it will be further away from the surface. Thus 
a separation can be achieved between two particles of differ-
ent densities. 
3,931 Procedure 
Figure 25 presents a diagram of the experimental set-up 
for the air classifier, The main portion is a soven foot long, 
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aluminum ventilating shaft, open at both ends. Air was intro-
duced into the system at one end by a twenty-one inch house-
hold fan. The mixture of paper and soft plastics was intro-
duced thr?ugh an opening in the top of the shaft, as seen in 
the diagram. 
' . I There were two possible exits from the system. The. 
material could either become entrapped in the stream of rush-
ing air, and pass out the end, or it could slide along the 
bottom of the shaft and fall through another opening, at 
approximately three and one-half feet from the beginning. 
3.932 Discussion of Results 
The first trial of the system resulted in an inadequate 
separation. The plastics, the heavier material, fell through 
the stream of air and slid along the bottom of the shaft. 
However, the plastics were carried at a speed great enough 
to cause them to travel over the opening located along the 
bottom. To alleviate this problem the entire shaft was sub-
jected to a fifteen degree angle (as shown in Figure 25) to 
attempt to slow the particles further by the increase in in-
tensity of the friction force. 
After inclining the shaft the plastics were again ad-
mitted and a considerably greater percentage exited through 
the opening in the bottom, with only a negligible amount of 
paper using this exit. Thus the effectiveness of the system 
relied heavily on two very important factors: the velocity 
of the entraining stream of air and the relative amount of 
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I friction created along the bottom of the shaft to further 
suppress the speed of the slower materials. 
3.933 Conclusions 
The results obtained from this experiment show that an 
effective mode of separation can be effected for paper and 
plastics by air classification. Figure 26 displays a sche-. 
matic drawing depicting a large scale paper-plastic separa-
tion scheme. To attain a substantial degree of separation 
three air classifiers are arranged in parallel. The feed, 
containmg the impure shredded paper, is again introduced to 
the system ·immediately before the first source of air. As 
the impurities pass through the chute along the bottom, they 
are then subjected to the second classifier, to eliminate any 
paper which still may be present. As a precaution, the third 
classifier would further be employed to guarantee a greater 
degree of purity. Full scale experimentation will determine 
the feasibility of the third classifier and the quality of 
the paper received. 
As the reclaimed materials pass through the separator 
they will be deposited on two separate conveyor belts. The 
materials will then be deposited at pre-specified areas of 
the plant for their respective disposal or sale. 
The entire system can be economically constructed by 
simply employing aluminum air shafts, which can be easily 
assembled in such a manner so as to allow for periodic clean-
ing. In addition, adequate precautions must be taken to 
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attain a·condition which would eliminate the possibility of 
any of the plastic from passing over the chute specified for 
its removal. As previously suggested, this aspect can be 
successfully achieved by slanting the bottoms of the three 
air classifiers approximately fifteen degrees. 
3.94 Ballistic Separation Tests 
The shredded, dried material is dropped from a conveyor 
belt onto a rotating, bladed cylinder, Each particle, depend-
ing on its density and the amount of energy absorbed upon its 
impact with the blade, will be thrown a calculated distance. 
Three chambers will be incorporated to catch the particles 
(see Figure 27). Within the first chamber will fall the 
paper and the soft plastic, The second chamber will primar-
ily receive the glass chips and the smaller hard plastics. 
The third chamber will receive the metals and larger hard 
plastics. 
3.941 Procedure 
A general drawing of the ballistic separator which was 
constructed, can be seen in Figure 28, The main shaft was a 
22-1/2 inch long steel pipe with a three and one-half inch 
inside diameter and a four inch outside diameter, Evenly 
spaced about the shaft are eight, three inch by two feet 
fins made of heavy gage steel, The fins are secured to the 
outside of the end plates and attached to a three-quarter 
inch diameter central shaft, which is approximately three 
feet in length. The separator was mounted by C-clamping 
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the rotating bearings connecting the central shaft to two 
benches. The motor was similarly attached below the separa-
. tor, also with C-clamps. 
A 1750 rpm., ·one-half horsepower AC motor supplied the 
source of power. A system of pulleys varied the speed of the 
J 
separator in order to obtain data for different conditions~ 
Initially, a 12-inch pulley was placed on the central shaft 
of the separator and a one to ten reduction, approximately 
three revolutions per second, was accomplished by the use of 
a two-inch pulley attached to the shaft of the motor. Later, 
the two-inch pulley was replaced by a three-inch pulley to 
attain a one to seven reduction, 4.2 revolutions per second. 
One hundred pieces of various materials, about one 
inch s.quare, were introduced by hand onto the separator one 
at a time, The distance each piece traveled was recorded and 
distribution charts were constructed for each material. Mate-
rials used included newsprint, paper towels, plastic wrap, 
foil wrapping, light cardboard, plastic and metal bottle caps. 
These materials were not necessarily representative of the 
exact composition of household solid wastes, but they did 
represent a wide spectrum of materials with different prop-
erties. 
3,942 Discussion of Results 
The results obtained from the tests, at a one to ten 
reduction, for the various materials are displayed in Fig-
ures 29 to 33. The percentage of material was plotted 
against the distance traveled. 
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As predicted, 95 percent of the lighter materials, 
i.e., newsprint, plastic, foil and light cardboard, landed 
within two feet of the separator. Whereas, the heavier 
material~, i.e., laminated cardboard, heavy plastic, and 
corrugated cardboard, landed within an area from three feat 
to six feet from the separator. Uearly 100 percent of the· 
metal bottle caps landed further than nine feet from the 
separator. 
The results obtained from the tests at a one to seven 
reduction are displayed in Figures 34 to 37. The results ob-
tained differed from those gathered earlier. The lighter ob-
jects were thrown approximately the same distances. However, 
the heavier materials; laminated cardboard, heavy plastic, 
and corrugated cardboard, landed two to three feet away from 
the separator. The metal bottle caps showed the greatest in-
crease. The bottle caps traveled, on the average, from 13 to 
14 feet. 
As observed in Figures 38 and 39, the separation which 
was conducted at a greater speed effected a greater degree of 
separation. Because of the effects of air resistance, the 
lighter materials were virtually unaffected by the change in 
speeds. Whereas the denser, less drag resistant material 
achieved a greater degree of separation at the higher speeds. 
When a conglomeration of all materials was subjected 
to the ballistic separator at the speed of three revolutions 
per second, a drastic loss in uniformity was observed. Due 
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to the collisions of two or more materials with one another, 
some of the impact energy with the fins of the separator was 
lost, resulting in a reduction of the distance thrown for 
most materials. When the same assortment of materials was 
again introduced to the system, this time rotating at 4.2 
revolutions per second, considerably better results were at-
tained. A greater degree of separation was achieved because 
there existed a substantially greater spread in the distances 
over which the heavier materials traveled. Thus, a faster 
speed resulted in a higher degree of purity. 
3.943 Conclusions 
Figure 27 represents a proposed ballistic separator to 
be introduced into a reclamation plant. A system of three 
bins can be employed to accept the thrown materials. Bin #1 
can extend to a distance of four feet to catch the newsprint, 
paper towels and light plastic wrappings. To attain a higher 
degree of separation a stream of air should be introduced over 
bin //1 in order to stop any of the higher thrown, light mate-
rials from traveling too far, Bin #1 should contain virtually 
100 percent of the above mentioned materials, due to their 
high drag resistant characteristics. Bin #2 would extend 
from the termination of the first bin outward to nine feet. 
Within these dimensions the laminated cardboard and heavy 
plastics should fall. The final bin would begin at nine 
feet and extend to about 15 feet from the separator. The 
purity of this compartment will be relatively high. In fact 
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less than 0.5 percent of all other materials will fall within 
this area. 
The recommended speed of the separator should be be-
tween four to five revolutions per second. At this magnitude 
any loss of momentum, due to the collisions of the materials 
against themselves, will be compensated for by an increase- in 
impact energy with the fins of the separator. Any further 
complications, which may arise, can be adjusted accordingly 
with the construction of a reduced model. The experimenta-
tion performed simply showed the feasibility of such an ap-
paratus. 
3.10 Summary 
The municipal refuse reclamation project undertaken 
did not answer all of the problems associated with the devel-
opment of a successful reclamation system. However, through 
experimentation, certain troublesome components of the system, 
the ballistics sorter, the air classifier and the sink-float 
process, underwent extensive investigation in an attempt to 
eliminate any of these problems. 
The floatation cell experimentation showed that the 
dimensions and configuration of a sink-float apparatus have 
a profound effect on the operation of said unit. Although 
a small degree of separation of paper and plastics was ob-
tained, a long time period was required. Slight agitation 
or a sink-float apparatus is required to increase the rate 
with which the paper absorbs water. Agitation also serves 
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to dislodge the paper entrained within the floating pieces 
of plastic and also to dislodge plastic entraj.ned within 
the settled paper. The characteristic nature of a material, 
whether hydrophobic or hydrophilic, greatly influences the 
operation and effectiveness of the floatation technique. 
Air classification separation tests proved to very. 
fruitful in regards to the degree of separation obtained. 
It was found that the two most important parameters govern-
ing the effectiveness of the operation were the velocity of 
the entraining air st~eam and the relative amount of fric-
tion between the duct bottom and the heavier materials. 
Both of these parameters maybe easily controlled, the air 
stream velocity by use of a variable speed fan and the fric-
tion force by inclination of the air classifier ductwork. 
A full scale municipal air classifier was deemed possible 
through the use of multiple ductwork. 
The ballistic separator tests indicated strongly the 
feasibility of such an apparatus for use in the separation 
of mixed municipal refuse. By varying the speed of the bladed 
cylinder, the thrown distance of the various municipal refuse 
components may be regulated. Additionally, the placement of 
the catch bins may be varied in order to obtain the best 
possible arrangement for efficient separation. 
Three catch bins are required to separate the refuse 
fractions, however, additional bins may be required depend-
ing upon the composition of the mixed refuse. Within the 
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first bin fall the newsprint, paper towe1s, light plastic 
wrapping and other light materials. The second bin receives 
the laminated cardboard, heavy plastics md other such inter-
mediate weight materials. Within the third bin will fall the 
heavy plastics and metal scraps. 
Tests conducted with mixed refuse indicate a general 
trend toward greater separation with inmreased bladed cylin-
der speed. Collision of the various reflmse components with 
one another decreases the efficiency of the separation due 
to loss of energy on impact. The use of directing air streams 
to contain the lighter materials in recOT1I11ended, 
The results show that the concept of reclamation ap-
pears to offer an economically feasible solution to at least 
a substantial portion of the municipal .scolid waste problem. 
In addition, this solution also will aui in the conservation 
of our country's already limited natura:rr. resources. Thus a 
strong incentive is generated to furthe~ the experimentation 
commenced by this project. 
No attempt was made to evaluate ithe cost of a reclarna-
.tion facility employing those separatiom techniques proposed 
or those investigated in this report. We believe that the 
"store shelf" nature of the equipment ured for the experi-
mental investigation of the tests discussed in this report 
will make the cost of such separation techniques quite small. 
However, due to the uniqueness of some o.:r the equipment pro-
posed, a cost estimation on an entire reclamation facility 
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was riot made since ·such an estimation would involve time ex-
penditures that would not have fit in well with the experi-
mental tests program. Such a cost analysis should be in-
cluded in any further work on this project. 
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4. PYROLYTIC DISPOSAL OF MUNICIPAL REFUSE 
Abstract 
Pyrolysis, the anaerobic decomposition of solid and/or 
liquids at high temperatures, was investigated by a project 
group as a technique for municipal solid waste disposal. A 
literature search, conducted the first semester of the over-
all two semester investigation, revealed probable technical 
and economical advantages of a pyrolytic disposal facility 
over present incineration methods. These advantages include 
reduced fixed-capital investment, sale of by-products, re-
cycle of combustible effluent gases, and reduced environ-
mental pollution. 
Preliminary design was made of a ten ton per hour 
pyrolytic municipal solid waste disposal facility. The 
fixed-capital investment of this design, estimated as approx-
imately $940,000, was much less than that required for an 
incineration plant of equal polluting level. 
The second semester investigation was devoted to re-
design of the preliminary design flow plan. The design capac-
ity of the pyrolytic disposal facility was increased to 20.8 
tons per hour (500 tons per day) and detailed design of the 
refuse storage facilities, the gas handling equipment and 
the pyrolytic converter was performed. A large scale pyro-
lytic disposal facility was concluded to be a safe, efficient, 
non-polluting, economic means of municipal solid waste dis-
posal. 
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Introduction 
Project Group 
Pyrolytic nrunicipal solid waste disposal was inves-
tigated over the course of two semesters. Project group 
members the first semester were John R. Baginski, graduate 
student in chemical engineering, Gene A. Lucadamo and Lyn . 
Himmelberger, seniors in chemical engineering and Charles 
Entrekin, senior in metallurgical engineering. Second semes-
ter project group members were John R. Baginski and Gene A. 
Lucadamo. 
4.22 General Background 
Presently the basic established tool of solid waste 
disposal is incineration. Since new methods of disposal will 
be feasible only if they present an economic advantage over 
older methods, the proposed pyrolytic process must first be 
compared to incineration on an economic basis. The system of 
incineration discussed herein is the "typical" municipal in-
cinerator, including air pollution controls and all other 
necessary service facilities. Although structures may vary, 
all incinerators presently in use have basically the same 
overall components and behavior characteristics. 
Pyrolysis is defined as the anaerobic decomposition 
of solids and/or liquids at high temperatures. The following 
facts illustrate a possible 33% reduction in cost for a pyro-
lytic disposal facility as compared to incineration methods. 
a) Solid residue from an incineration process has to 
date only been used as landfill. 
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b) Solid residue from a pyrolytic process (ash and char) 
are good sterile fill materials, for example in road 
construction. In addition, the ash and char may be 
br~quetted and sold as fuel. This solid char has 
been compared to semianthracite coal. 
c) No liquid products are obtained from incineration . 
whereas pyroligneous acids and tar fractions (from 
pyrolysis of rubber) are obtained from pyrolysis. 
These acids and tars are sources of many useful 
organic compounds if adequate separation and purity 
can be obtained. 
d) Heat of combustion is the only useful production of 
incineration and has not been utilized to any great 
extent to date. Much of this heat is lost to cooling 
water and through the stack. 
e) Pyrolysis has the advantage of being a more controlled 
operation through which heat may be used more effici-
ently by collection and controlled combustion of ef-
fluent gases. Stack losses are minimal and cooling 
water is required only in small amounts. 
f) Incorporation of pyrolysis into present incineration 
systems, or the grass roots building of an entire 
pyrolytic unit, would not be exceedingly costly. The 
following equipment, already used in incineration, 
could also be used in pyrolysis. 
1. Hogger-grinders (shredders) 
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2, Magnetic separators 
3, Conveyors 
4, Storage facilities 
.5. Refuse preheaters and dryers 
g) Equipment used in incineration and not required in 
pyrolysis includes: 
1. heavy duty air pollution control devices, 
2. extensive water pollution control systems, and a 
3, forced draft furnace with fans and/or blowers. 
In addition to these various cost reduction possibili-
ties, pyrolysis is a very clean process. In comparing the 
processes, pyrolytic effluents from decomposition of "common" 
municipal refuse show some distinct advantages over incinera-
tion effluents. Operating under normal conditions, inciner-
ator effluents may include various products related to the 
oxidative characteristics of the operation. Reactions char-
acteristic of the oxidation process are: 
a) C--. CO + CO2 (predominant reaction) 
b) H2 _. H2o + acids 
c) N2 _. NO + N02 (odors) 
d) S _. so2 + S03 (polluting gases) 
e) Soot and other solids 
Pyrolytic reactions are somewhat different from those 
shown above. These reactions include: 
a) C ~hydrocarbons .... CH4 (this reaction decreases amounts 
of CO and CO2 present - also gives energy-yielding 
products) 
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b) C -+ CO + CO2 
c) N2 -+ NH3 (this reaction decreases amounts of NO and 
N02 present - also yields u·sable by-products) 
d) N2 -+ NO+ N02 (in small amounts at moderate tempera-
tures but in great amounts at elevated temperatures, 
giving odors) 
e) S-+ H2S (decreases so2 and S03 formation but causes 
odors) 
By comparison of the above reactions characteristic of 
the incineration and pyrolytic processes, it is evident that 
with pyrolysis no particulate matter is emitted to the a tm,'.)s-
phere; thus certain savings on air pollution controls ca.n be 
expected. For a forced draft incinerator with large volumes 
of gases, soot, and suspended particles passing out of the 
furnace chamber, several problems are introduced. These prob-
lems include: 
a) high water consumption for cooling large amounts of 
exiting gases and for use in the production of steam; 
b) water pollution by particulate matter removed from 
exit gases by scrubbers; 
c) high power costs to operate the s~rubbers, water 
treatment operations and electrostatic precipitators; 
d) high costs of pollution control equipment; and 
e) the necessary use of expensive materials resistant 
to oxidative or abrasive corrosion. 
The gaseous effluents from an incineration process, 
S02, S03, Na2o, Fe203, and others, are extremely corrosive. 
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I These gases are much less abundant in pyrolytic operations. 
Due to the presence of such corrosive materials, it has been 
found that most air pollution devices must be replaced every 
15-20 years. In addition, temperature and volume of inciner-
ator effluent gases are regulated by passing excess air through 
the system. This results in increased gas velocity and thus 
increased corrosion of equlpment by abrasion from suspended 
solid particles • 
The pyrolytic process therefore seems to offer substan-
tial maintenance and capital cost savings. Additional uses 
of the pyrolytic effluent gases, a portion of which are re-
cycled and burned to yield usable heat, include preheatinp, 
and drying the refuse or using the hot gases to produce steam. 
The recovery of heat for steam and thus electric power 
has been tried with the incineration process, mainly in P.uro-
pean operations. Hot exit gases are passed through conven-
tional boilers to produce steam. Certain problems (again 
connected to effluent characteristics) have been common to 
these operations. 
a) Above 1800°F, corrosion by abrasion and heat effects 
are intolerable. However such a temperature is desir-
able for effective heat transfer and increased steam 
production, and also prevents the occurrence of the 
following problem (b) by maintaining high tempera-
tures throughout the boiler. 
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b) Below 400°F, the dew point of some gases is reached, 
resulting in gas condensation and accelerated corro-
sion rates. Although high temperatures are desirable, 
they are also difficult to attain due to the presence 
of solid particles in incinerator effluents. In a 
pyrolytic operation solids are relatively scarce and 
it may be possible to operate at temperatures above 
1800°F without increased abrasion or danger of reach-
ing the dew point during the boiler pass. 
c) Depositing of incinerator effluent solids on boiler 
tubes hinders heat transfer, decreases gas flow rates, 
increases operating temperatures and in general upsets 
operational efficiency. 
Due to the above stated reasons, incinerator-supported 
electric power production is impractical. Another method is 
needed before power production of this type will be used ex-
tensively in the United States. As one possibility, it has 
been estimated that a 100 ton/day pyrolytic operation could 
produce, through steam generation, 400,000 KW/day of elec-
tricity with a $1000/day value. Perhaps with the increased 
power demands, fuel prices, and operating restrictions im-
posed upon power plants, such a possibility may have to be 
exploited. 
One of the most attractive aspects of pyrolysis is 
that it is largely a self-sustaining process. That is, very 
little supplemental fuel, if any, need be supplied to the 
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system except on start-up or emergency situations (i.e., at 
times when throughput is excessive, or when the energy demand 
from a particular refuse input is abnormally high). Various 
sources estimate a mean recycle rate of 30% to 40% is neces-
sary to sustain the pyrolytic decomposition process. These 
estimates are, of course, dependent upon the particular in~ 
coming waste characteristics. 
For the average case, heating one pound of a represen-
tative sample of solid municipal waste to 1500°F produces 
approximately eight standard cubic feet of combustible gases, 
1/3 pound of carbonaceous fuel or charcoal and 1/2 pound of 
liquids (after condensing the gaseous effluent) •. The mean 
heating value of the combustible gases is approximately 350 
Btu/pound, within a 300 to 500 Btu/pound range. This value 
approximates the heating value of 100% H2 or CO gas. 
The solid charcoal residue of pyrolysis has a heating 
value of approxinately 12,000 Btu/pound. This solid may be 
sold to outside sources for use as landfill, activated char-
coal, etc., and is not used in the process itself. 
Typical municipal refuse consists of primarily paper 
products with less than 10% each of glass, metal and gar-
bage and less than 5% each of textiles, wood, plastics and 
dirt. The organic material contains basically cellulose 
with varying amounts of fats, hydrocarbons, proteins and 
other organics present. More specifically, the following 
data is presented. 
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% 
Moisture 27.06 
Carbon 25.51 
Hydrogen 3.37 
Oxygen 21.71 
Nitrogen o .L~7 
Sulfur 0.09 
Metal 1.25 
Glass and Ceramics 9.24 
Other Inerts ( a.sh) 5.30 
100.00 
It must be emphasized that thermal decomposition under 
anaerobic conditions (pyrolysis) is a heat-releasing reaction 
in itself, as is aerobic decomposition (combustion). 
To be run economically, a pyrolytic disposal facility 
must be designed to incorporate a fuel recovery system. This 
fact will differentiate the pyrolytic unit from nodern incin-
erator facilities. Analysis and correlation of available data 
produces the following parameters in relation to proper design 
and operation of a pyrolytic disposal unit. 
a) Shredding of the refuse material prior to placement 
in the pyrolytic retort is desirable. This ope.ration 
helps to increase heat transfer, decrease retort resi-
dence time and make for a more manageable product. 
b) Separation of metals, glass and ceramics prior to 
decomposition is desirable. This operation decreases 
182 
... ·~-.d.' 
I 
I 
' j 
,i 
l j 
;;; 
!q I; 
• ~ ! 
I· ,. 
1· 
:. : 
I 
,l 
q 
,, 
·'· 
,, 
i ,, 
,, 
p . 
I ' !I ,, 
:: 
1: 
I, 
r 
I' 
. ' 
j j 
f; 
energy input and standardizes ·the solid residue 
product. 
c) Predrying of the mixed refuse prior to decomposition 
is desirable. This step will help to concentrate the 
product gas and maintain a high heating value of said 
gas. 
d) Slow heating rates produce more char and water, and 
less organic liquid and gas. Increased heating rates 
decrease char, water and organic liquid, and increase 
gaseous products. Thus product quality may be con-
trolled by heating rate manipulation. 
e) Heat of combustion of the gases is highest for the 
fastest heating rate. 
f) Increased operating temperatures increase the amount 
of gaseous product formed. These temperatures are of 
the order of 1500°F and higher. At these temperatures 
essentially all gas present in mixed refuse is driven 
off. 
The proper selection of construction materials will 
be critical due to the high operating temperatures involved 
(1500°F and higher). Materials selection below is based upon 
operating conditions of elevated temperatures (900°F and above) 
and corrosive atmosphere due to the nature of the gases formed. 
For a pyrolytic operation the following statements are appli-
cable. 
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a) Effluent gases contain significant amounts of co2 , 
CO and H2. Both CO2 and H2 may be highly corrosive. 
Active H2 corrodes metals by passing along grain 
boundaries and reacting with oxides and sulfides, 
b) 
causing embrittlernent. Reactions between water and 
co2 can result in carbolic acid. 
Most of the sulfur in the process remains in the ash; 
although some H2S and S02 may be given off, depending 
upon the raw material. Sulfur and many of its com-
pounds are highly corrosive since they combine dir-
ectly with the metal. 
c) A possible iron-base alloy for use in the above men-
tioned atmosphere is type 316 stainless steel. 
d) A possible nickel-base alloy for this application is 
Inconel X. 
e) In general, the properties of Inconel X are slightly 
superior to type 316 stainless steel at 1500°F. Be-
low 1300°F, the tensile strength of type 316 stain-
less steel rises significantly. 
f) Inconel Xis more expensive than type 316 stainless 
steel. 
Initially then, it is concluded that a pyrolytic dis-
posal facility may possibly be a clean, efficient, economical 
and non-polluting means of municipal refuse disposal. 
4.3 Project Development 
Initial efforts of this project group were directed 
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toward a short term literature search in order to obtain in-
formation concerning pyrolytic data and techniques. These 
initial acquisitions strongly indicated that a pyrol~tic 
waste disposal technique warranted further investigation. 
A more intensive literature search was therefore conducted, 
the major results of which were previously reported in sec~ 
tion 4.22. The final acquisitions reinforced our decision 
to further investigate the design and economics of a pyrolytic 
municipal solid waste disposal facility. 
A major consideration as to the feasibility of any man-
ufacturing process is of course the associated economics in-
volved. Many industrial processes have been proposed to date 
which were proven unfeasible since they could not present an 
economic advantage over existing similar processes. We there-
fore sought to determine if a pyrolytic process is economically 
suitable as a means of disposal of nrunicipal solid wastes. The 
first semester of the overall two semester investigation was 
devoted to this task, 
In particular this project group sought to determine 
the relative cost of a pyrolytic disposal system as compared 
to present incineration units of similar capacity. An incin-
eration process was chosen as a basis of comparison since it 
is this process which is presently the most widely used method 
of rmmicipal solid waste disposal in large urban areas. There-
fore, in order for a pyrolytic system to be justified, it must 
be economically competitive with existing incineration methods. 
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In section 4.4 a preliminary pyrolytic solid waste 
disposal system is described, This system is then divided 
into its major components and each component is discussed in 
detail and its cost evaluated, Finally, all major component 
costs are totaled, miscellaneous additional costs are added 
as a function of this total, and the results and conclusio~s 
are presented, 
Based upon the positive results obtained from the first 
semester investigation, more detailed design of the pyrolytic 
nrunicipal solid waste disposal facility was undertaken the 
second semester. The overall flow plan of the pyrolytic dis-
posal facility was considerably redesigned due to the acquisi-
tion of additional data. Also the design capacity of the pro-
posed facility was increas~d. Section 4.5 presents the re-
sults of the second semester investigation. 
4.4 Preliminary Design and Cost F:stimation of Pyrolytic 
Municipal Solid Waste Disposal Facility 
Discussion 
A number of basic premises were used in preparing a 
preliminary design of a pyrolytic solid waste disposal facil-
ity. First and foremost among these is the acknowledgement 
of the fact that we are initially concerned with solid waste 
disposal in the Lehigh Valley Area, Therefore any proposed 
design must be compatible with the particular needs of this 
valley area, Of equal consequence is the fact that any de-
/ 
sign arrived at must be ecQ.nomically conpetitive with an in-
cineration unit of similar capacity. 
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Using the above mentioned basic criteria it was decided 
to design a pyrolytic solid waste disposal system which would 
suitably fulfill the needs of a community the current size of 
Bethlehem, Pennsylvania. The current Bethlehem population is 
approximately 75,000. Based upon current national averages 
. 
of five pounds of solid refuse generated per capita per day, 
the capacity of our proposed plant would need to be on the 
order of 7.8 tons per hour to meet the demand. Rounding off 
this figure to allow for regional fluctuations as well as 
population growth, our design will be based upon a ten ton 
per hour capacity. 
With the capacity of our plant established, a basic 
flow plan was formulated. Based on the data presented in 
section 4.22, the flow diagram shown on Figure 40 was arrived 
upon. In addition, the flow diagram was based partly upon 
a similar flow plan developed by Pan American Resources Inc. 
{PAR). PAR 1 s flow plan, however, was designed to pyrolytic-
ally transform combustible wastes into a crude, volatile gas 
and charcoal. The two flow plans differ in that our project 
group does not concern itself with extensive separation and 
salvage of the various components of municipal solid waste. 
Instead the flow plan developed by our group is designed 
primarily to be a means of solid waste disposal (by volume 
reduction) and concerns itself to only a lesser degree with 
by-product removal and recovery. 
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Materials Flow 
The flow of materials and basic function of each major 
piece of equipment is as follows. Municipal solid waste is 
received from the carrier at the input dock. The material is 
dumped into a below grade level conical bin which directs the 
waste to the first of two input conveyors. This first conveyor 
directs a controlled amount of waste into a mechanical grinder 
which reduces any oversized solids to particles no longer 
than two to three inches in length. From the grinder the 
conveyor transports the shredded waste past a magnetic separa-
tor which removea the ferrous metals and deposits them in a 
bin for disposal. The conveyor then transports the solid 
waste (less ferrous metals) to the feed storage area. 
Feed storage equipment consists of a bucket elevator 
to elevate the waste, as received from the conveyor, to the 
top of four storage silos. Here the waste is stored prior 
to being pyrolytically decomposed. From the storage silos 
the waste is gravity fed to a second input conveyor which 
transports the waste to the input port of the pyrolytic con-
verter. 
The waste, upon introduction to the converter, is 
acted upon by heat in the absence of oxygen and is decom-
posed, Both non-combustible and combustible gases are re-
moved overhead. The remaining solid residue leaves the con-
verter through the exit port and is transported by a conveyor 
to the solid storage bin. Non-combustible gases are vented 
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to the atmosphere while combustible gases are sent to the gas 
storage tank. From storage, gas is recycled to the converter 
providing energy to fully sustain the process. Excess gas is 
vented and any liquid condensate may be removed using tank 
trucks and disposed of or sold. 
4.43 Operating Characteristics 
The purpose of this section is to describe the opera-
tion, major operattng variables and considerations, and the 
reasons for including each piece of equipment in the overall 
flow plan. Each individual piece of equipment is discunsed 
in turn. 
Conveyors: As seen from the flow diagram (Figure 40), 
two input conveyors are required. The plllTpose of these con-
veyors is to transport the solid waste flrom the unloading 
area to the feed storage area and then to. the converter. In 
addition, another conveyor is required to, transport the pyro-
lytic remains (solid ash, non-ferrous meitals and carbon) from 
the converter to the solid waste storage receptacle. 
Due to the nature of the material to be transported, 
that is, non-homogeneous and quite possibly wet, a belt type 
conveyor is deemed more functional for tlh:e input conveyor 
than either a roller or screw conveyor. A belt type conveyor 
will also be used for the output conveym". This is justified 
• 
since sophisticated separation equipment is not included in 
the design. Therefore the output from tlb.e pyrolytic converter 
will contain metals and glnss of various sizes and shapes, 
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rendering-a screw or roller conveyor non-functional. However, 
if elaborate separation equipment was included, a screw con-
veyor would be ideal to contain the loose ash and carbon 
remains. ~he relative cost difference between belt and 
screw conveyors is not great. 
Grinder: The purpose of the grinder in this operation 
is to shred the solid mixed refuse prior to storage and arrival 
at the conve~ter. This operation is desirable for several 
reasons. First, shredding of the material separates the or-
ganic from the non-organic wastes which helps promote a more 
efficient removal of the ferrous metals by the magnetic separa-
tor. Secondly, shredding the refuse results in a denser, more 
homogeneous mixture, thus decreasing feed storage volume re-
quired. Shredding the refuse also increases its surface area, 
serving to promote efficient heat transfer within the con-
verter, thus decreasing the mean residence time and therefore 
increasing throughput. Finally, shredding helps to promote a 
more manageable product at any point in the operation of the 
pyrolytic system. 
The type of grinder required for this operation will 
be of the swing hamrnermill design due to the non-homogeneous 
nature of the solid waste. This type of grinder is ideal in 
that the fineness of the discharged product may be regulated 
by several means. Thus, even with large variations in quan-
tity or type of waste input, a somewhat standard output con-
sistency may be obtained. 
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Magnetic Sep'arator: A magnetic separator is included 
in this system for several reasons. The primary reason is 
that by removal of the ferrous metals, various downstream 
operations are greatly benefited. For instance, the down-
stream conveyor load is lessened, feed storage space is more 
efficiently used, combustible gas output per pound of feed. is 
increased, solid storage volume is decreased and the solid 
product is more homogeneous. In addition, the metal shreds, 
once removed, may be sold to the scrap dealer. 
For our purposes a cross-belt separator will be used. 
The cross-belt separator picks materials off the feed belt 
and discharges them to the side. Concentration is by direct 
lift and the magnetic product is essentially clean and free 
of entrapped non-magnetic material. In general, cross-belt 
magnetic separator capacity is low. However, since the amount 
of ferrous metal in the total feed shall usually be under 21,, 
this type of separator will be quite adequate for this appli-
cation. 
Bucket Elevator: An elevator of some type is required 
to transport the solid waste from ground level to the input 
ports located on top of the storage silos. A bucket elevator 
was chosen since it is the simplest and most dependable unit 
for making vertical lifts. They are also available in a wide 
I 
range of capacities and may be operated in the open or totally 
enclosed, A non-homogeneous, partially sticky material, such 
as we are transporting, requires a spaced-bucket positive-
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discharge type elevator. In this type, the bucket is totally 
inverted at the top of the lift which is usually sufficient 
to discharge the material. If the bucket incompletely emp-
ties, a knocker may be provided at little additional cost to 
hit the bucket at the discharge point to help free the material. 
Feed Storage: Feed storage consists of four vertical, 
cylindrical silos. The total volume of these silos is such 
so ~s to provide for 48 hours of converter feed material. In 
this way the converter may be run continuously (24 hours per 
day) each day of the week even though municipal refuse pickup 
has ceased (i.e., weekends and holidays). Storage silos may 
be purchased in diameters ranging cormnonly from 10 to 26 feet 
and in concrete, steel or tile material. Most standard de-
signs include sloping interior arrangements to permit easy 
removal of contents. 
Pyrolytic Converter: Inasmuch as this piece of equip-
ment is the only actual material processing unit included in 
the design, a discussion of its operation is essential. The 
purpose of the converter is to decompose the refuse, as re-
ceived from the feed storage silos, by pyrolytic action. 
That is, the refuse is heated in the absence of oxygen to 
yield gaseous and solid products. 
The machine comprises a sealed, airtight retort cylin-
der inside a heavy insulating jacket. The gas-fired retort, 
about 20 feet long, revolves slowly on a slight incline from 
infeed to outfeed. The solid waste feed is injected through 
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a seal area that intermittently opens; a flapper valve seal 
is designed to minimize entry of oxygen. 
Inside the converter, ground-up wastes are subjected 
to temperatures of about 1500°F, plus or minus 300°, depend-
ing upon the nature of the wastes, in an essentially oxygen-
free atmosphere. Without oxygen the wastes cannot burn but 
are however broken down (pyrolyzed) into steam, carbon oxides, 
volatile vapors and charcoal. 
The first gases to emerge are steam, carbon monoxide 
and carbon dioxide. As the wastes are heated further, vola-
tile gases emerge. These gases typically include hydrogen, 
methane, ethane and ethylene. Approximately 25 cubic feet of 
combustible gases are recovered per pound of waste input. 
Energy value per cubic foot is normally between 300 and 500 
Btu. 
The combustible gas is drawn off and recycled to the 
converter's burner system to be used as fuel. Normally, once 
started, only 30 to 40% recycle is needed to completely sus-
tain the converter's operation. Thus, natural gas fuel will 
only be required during startup and during emergency situa-
tions. The remaining 60 to 70% of the combustible gases may 
be vented to the atmosphere or may be used, for instance, to 
fuel a steam-driven electrical generator. For the purpose of 
our design these gases will be vented. 
Variables affecting the intake-to-discharge cycle are 
heat intensity, the machine's length and the retorts rotational 
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speed. An average of 12 to 1.5 minutes is required for "normal" 
nnmicipal solid waste. Coal and rubber may however take as 
long as 30 minutes. 
Solid Residue Storage: Solid residue storage equip-
ment consists of a cylindrical coal bunker. Since the solid 
material emerging from the retort is basically carbon and · 
ash, with lesser amounts of metals, glass and ceramics, a 
storage vessel of this design is very compatible with our 
needs. This unit is sized to hold one full day's (24 hours) 
worth of converted solid waste. This solid will be disposed 
of to a landfill. 
Gas Storage: Gas storage facilities will consist of 
one tank. This tank merely acts as a short term intermediate 
storage of combustible gases prior to their recycle to the 
pyrolytic converter. Long term gas storage is undesirable 
since this results in condensation of part of the combustible 
gases; thus the heating value of the remaining gas is de-
creased and the problem of increased condensate disposal 
must be considered. Storage tanks suitable to our needs 
are available through a number of manufacturers and a stan-
dard design will be adequate. 
4.44 Cost Estimation Method 
An estimate of the fixed-capital investment for a pro-
cess may vary from a predesign estimate, based on little in-
formation except the size of the proposed project, to a de-
tailed estimate prepared from complete drawings and specifi-
, cations. Between these two extremes of fixed-capital investment 
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· estimates, there can be numerous other estimates which vary 
im!·accurac·y depending upon the stage of development of the 
project. For our purposes, a method somewhere between these 
two limits is desired. 
Several types of predesign cost estimates are currently 
in use throughout industry. These predesi~ estimates require 
much less detail than final design estimates. The predesign 
estimates, although being limited in accuracy, are extremely 
important for determining if a proposed project should be 
given further consideration and to compare alternate designs. 
Since the purpose of this section is merely to roughly 
compare the relative fixed-capital investment costs of our 
pyrolytic system to that of incineration, a predesing cost-
estimation method is clearly in order. The particular 
method chosen for use is called the Study or Factor Method. 
The Study (or Factor) Method is implemented in the 
following manner. 
a) A design flow sheet consisting of all major equip-
ment is prepared. · 
b) Through the literature, vendors catalogs and/or 
price quotations, the delivery cost of each individ-
ual unit based upon operating condltions and capacity 
required :ts·· obt·ained. 
c) The costs are updated using the following formula. 
Present Index Value Present Cost= Original Cost x Index value at time 
original cost was obtained 
195 
' :1 
" ·I 
:I 
. I I 1 
" . / 
l 
J /' ' . 
Several cost indexes exist and are available through 
the literature. 
d} Major unit costs are totaled and additional costs 
such as piping, insulation and instrumentation are 
added as a function of the total major unit cost. 
Since fixed capital investment is defined as the total 
amount of money needed to supply the necessary plant and man-
ufacturing facilities, point II d" above accounts for all costs 
over and above basic unit costs. These additional costs are 
calculated as a fixed percentage of the total purchased equip-
ment delivered cost. (These percentages were obtained from 
a study of fixed-capital investment from over 100 chemical-
process capital projects and generally carry a 95fo confidence 
limit.) Exact percentages by which to calculate each addi-
tional cost are given in section 4.46. 
4.45 Unit Cost Estimation 
Estimates of the total unit cost for each major piece 
of equipment (as delivered) follow. 
Input Conveyor 
No. Req 1d.: 
Basis: 
Comments: 
Two (one 75 ft. length, one 25 ft. length} 
10 ton/hr. solid waste input 
25 lb./cu.ft. solid waste density (approx.) 
4 in. (0.33 ft.} material depth on con-
veyor (approx.} 
Conveyor need operate at one speed only. 
No variable· speed motors are required. 
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-- Literature shows that 30 in. (2.5 ft.) 
wide belts are connnonly available. 
Calculations: Check speed required, 
20,000 lb. x hr. x cu.ft. x 
hr~ 60 min. 25 lb. 
_l ___ X 1 
0.33 ft. 2.5 ft. = 16.5 ft. min. 
this speed is easily attained from several 
manufacturers. 
Available Sources: 
Item Cost: 
1) Link-Belt Div. of FMC Corp. 
2) Stephens Adamson Mfg. Co. 
these manufacturers handle an entire line 
of conveyors available in any desired 
length. 
Basis - 1964 prices 
The following conveyor costs include the 
belt (4 ply), drive motor, welded steel 
framing, head pulley, tail pulley, 5 in. 
dia. return idlers and screw take up on 
tail shaft. 
Length 
25 ft. 
75 ft. 
Width 
2.5 ft. 
2.5 ft. 
Cost (1964) 
$2250. 
$5500. 
Update Cos ts: 
25 ft. length, 
Cost (1970) = $2250 x 127,1 = $2800. 
103.3 
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75 ft. length, 
Cost (1970) = $5500 x 127.1 = $6800. 
103.3 
Total Cost: Length Cost 
25 
75 
Total Cost 
Grinder 
No. Req I d. : 
Basis: 
Comments: 
ft. $2800 
ft. $6800 
= 
One 
$9600 for input conveyors. 
10 ton/hr. mixed solid waste input 
Grinder best suited for this application 
is swing hammermill design. Size of dis-
charee particles can be readily controlled. 
Based on information presented in several 
solid materials handling texts, a. 100 hp 
motor is sufficient to handle the usual 
\ 
contents of solid municipal waste. 
Available Source: Pulverizing Machinery Co. 
Item Cost: Basis - ENR Index= 400 
for 100 hp motor - cost= $8,000. 
Update Cost: Cost (1970) = $8,000. x 1100 = $22,000. 
. 400 
Total Cost= $22,000 for grinder. 
Magnetic Separator --
No.Req 1d.: One 
Basis: -- 10 ton/hr. mixed solid waste input 
~t max. ferrous metal content of above 
input 
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Comments A cross-belt separator is well suited to 
this purpose. Side-of-belt discharge is 
easily accomplished. 
Calculations: Weight removal required, 
10 ton x 0.02 = 0.2 ton/h~. = 400 lb./hr. 
hr. 
Available Sources: 
Item C.ost: 
1) Indiana General Corporation 
Magnetic Equipment Division 
2) Jeffrey Manufacturing Co. 
Basis - 1960 prices 
for 1 ton/hr. capacity, Cost - $15,000. 
Update Cost: 
Cost (1970) = $15,000 x 281 = $17,800. 
237 
Bucket Elevator 
No. Req I d.: 
Basis: 
Comments: 
Total Cost= $17,800 for magnetic separator 
One 
9.8 ton/hr. solid waste input (no ferrous 
metals) 
40 lb./cu. ft. solid waste density (approx.) 
40 ft, height required. 
Dependability and simplicity of design are of 
primary concern. Therefore a spaced-bucket, 
positive-discharge type elevator will be 
used. 
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Calculations: volumetric capacity, 
9.8 ton x 2000 lb. x 
hr. ton 
cu. ft.= 490 cu. ft./hr. 
40 lb. 
both volumetric (490 cu. ft./hr.) and 
mass (9.8 ton/hr.) flow rates are easily 
handled by many standard designs. 
. 
-- a height of 40 ft. is easily attained. 
Available Sources: 
Item Cost: 
1) Stephens Adamson Mfg. Co. 
2) Link-Belt Div. of FMC Corp. 
3) Fairfield Engineering Co. 
Basis - 1964 prices 
for 40 ft. height conveyor, 
Cost= $5200 
Update Costs: Cost (1970) = $5200 x 127.1 = $6400. 
103.3 
Total Cost= $6400 for bucket elevator 
Feed Storage: 
No. Req 1d.: 4 silos 
Basis 9.8 ton/hr. solid waste input 
40 lb./cu. ft. storage material density 
(approx.) 
48 hr. storage volume 
Comments: Simplest and most efficient storage will 
be gained from cylindrical storage silos. 
These silos are available in various diam-
eters and lengths. 
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Calculations: Storage required, 
9.8 ton x 2000 lb. x 1 cu. ft. x 48 hr. = 23,500 cu.ft. 
Er." ton 40 lb. 
for 15 ft. dia. tank, 
.Area= ~x (15) 2 = 177. sq. ft. 
for 4, 35 ft. high silos, 
177 sq. ft, X 35 ft. X 4 = 24,000 CU. ft. 
required diameter= 15 ft. 
required height = 35 ft. 
Available Source: Fairfield Engineering Co. 
Item Cost: Basis - 1960 prices 
Cost per silo= $6,400. 
Update Costs: Cost (1970) = $6,400. x 281 = $7,600 per silo 
237 
Total Cost: 
-- includes 4 storage silos 
Total Cost= $7,600 x 4 = $30,400 for feed 
storage 
Pyrolytic Converter --
No. Req' d.: 
Basis: 
Comments: 
One 
9.8 tons/hr. refuse processed 
25 cubic feet of combustible gases per 
pound of refuse 
30 to 40% recycle required to sustain 
operation 
350 Btu/scf of combustible gases. 
The cost of this unit is based upon a fired 
vessel of approximately the same energy 
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input and operating temperature. The main 
difference in cost between these two units 
will be the additional cost required to sup-
port and rotate the pyrolytic unit. As a 
rough approximation of this cost, an addi-
tional $15,000 will be added. 
Calculations: Energy requirement, 
25 cu.ft. gas x 5go0 n = 6.8 scf combustible gas/lb. refuse 
lb. refuse 19 oon 
6.8 scf ga.s 
lb. refuse 
X 350 Btu X 9.8 ton X 2000 lb. = 46,600,000 Btu 
scf gas hr. ton ---rt>. 
46,600,000 Btu X 40% = 18,600,000. Btu. 
lb. lb. 
Available Sources: None -- special design and fabrication 
is required. 
Item Cost: 
Update Costs: 
Total Costs: 
Output Converter: 
No. Req I d. : 
Basis: 
Basis - 1960 prices 
for similar sized gas fired vessel, 
Cost= $51,500. 
Cost (1970) = $51,500 x 281 = $61,000 
237 
Basic Cost= $61,000 
Additional Cost= $15,000 
Total Cost= $76,000 for converter 
One (25 ft. length) 
10 ton/hr. solid waste input 
0.33 lb. solid output per lb. solid 
input to converter. 
-- 45 lb,/cu, ft, density (approx.) 
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Comments: Single speed conveyor operation is ade-
quate· 
16 in. belt width, approximately half 
that of input conveyor, is sufficient to 
handle load. 
Available Sources: 
Item Cost: 
1) Link-Belt Div. of FMC Corp. 
2) Stephens Adamson Mfg. Co. 
Basis - 1964 prices 
This conveyor (18 in. width by 25 ft. length) 
includes those components included in the 
cost of the input conveyors. 
Cost= $1,700·. 
Update Costs: Cost (1970) = $1,700. x 127.1 = $2,100. 
103.3 
Total Cost= $2,100 for output conveyor 
Solid Residue Storage 
No. Req 1d.: One 
Basis: 
Comments: 
9.8 tons/hr. refuse processed 
0.33 lb. solid output per lb. solid 
input to converter 
24 production hours' worth of storage 
45 lb./cu. ft. density (approx.) 
Converter solid output consists of mainly 
ash and char with lesser amounts of small 
aggregate metals and glass. This solid 
lends itself easily to storage in a stan-
dard suspension coal bunker. 
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Calculations: Volume required, 
9.8 tons x 24 hr. x 2000 lb. x cu.ft. x 0.33 • 3,460. cu.ft. 
hr. ton 45 lb. 
for 17 ft. width bunker, 
area= 3,14 x {17) 2 = 227 sq. ft. 
4 
for 15 ft. height, 
volume= 227 sq. ft. x 15 ft.= 3400 cu. ft. 
final diameter; 17 ft. 
final height = 15 ft. 
Available Source: Fairfield Engineering Co. 
Item Cost: 
Update Costs: 
Basis - 1964 prices 
Cost = 1i6,500. 
Cost {1970) = 6500 x 281 = $7,700. 
237 
Gas Storage --
No. Req•d •. : 
Basis: 
Comments: 
• 
Total Cost= $7,700. for solid storage 
One 
approximately 1S minutes of storage capacity 
9.8 ton/hr. solid waste throughput 
25 cu. ft. gas/lb. solid waste input 
Only 15 minutes storage capacity is 
specified in order to avoid pyroligneous 
acid condensation. 
204 
i 'l 
1.i 
I . 
I 
I. 
! : 
: . 
' I 
f 
I 
I I i i 
f 
"'" .. ,.,,_. ·-·-
Calculations: Volume required, 
9.8 tons x 2000 lb. x 25 cu.ft. x 0.25 hr. = 123,000 cu.ft. 
hr. ton lb. 
Available Source: Fairfield Engineering Co. 
Item Cost: 
Update Costs: 
Basis - January, 1960 prices 
Cost= $40,500 
Cost (1970) - $40,500 x 281 = $48,ooo. 
. 237 
Total Cost= $48,000 for gas storage 
4.46 Cost Summary 
The major equipment costs, as presented in section 
4.45, are totaled as shown below. Additional costs, such as 
instrumentation and piping, are evaluated as a percentage of 
the value of "E", the total delivered purchased equipment 
cost. The various percentages are indicated below. The 
total direct plant cost 11 D11 is then the sum total of all 
major equipment costs and additional costs. Indirect costs 
"I" are added as a percentage of "E" and finally a contractor 1 s 
fee and a contingency are added as a percentage of "D" plus 
"I". The resulting sum amounts to the total fixed-capital 
investment. 
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Item 
Input Conveyors 
Grinder 
Magnetic Separator 
Feed Storage 
Pyrolytic Converter 
Solid Residue Storage 
Output Conveyor 
Bucket Elevator 
GAS Storage 
E = Purchased equipment (delivered} 
Purchase equipment installation, 3Cffo E 
Instrumentation and Controls, 28% E 
Piping (installed), 31% E 
Electrical (installed), 10% E 
Buildings (including services), 22% E 
Yard improvements, 10% E 
Service facilities (installed), 55% E 
Land, 6"/o E 
D = Total Direct Plant Cost 
Eh.gineering and Supervision, 32% E 
Construction expenses, 34% E 
(D + I) = Total Direct and Indirect Costs 
Contractor's fee,,S"/o (D + I) 
Contingency, 10% (D + I) 
Total Fixed-Capital Investment 
4.4 7 Sources of Error 
Cost ($) 
9,600. 
22,000. 
17,800. 
30 ,}.j.00. 
76,000. 
7,700 • 
2,100. 
6 ,L1.oo. 48,ooo. 
220,000. 
85,800. 
61,600. 
68,100. 
22,000 • 
!~8, L~OO. 
22,000 
121,000. 
13,200. 
662,100. 
70,400. 
7/+,8oo. 
817,300. 
L.0,870. 
81,730. 
$939,900. 
A cost estimation of the Study (or Factor) Type in-
cludes an inherent probable accm:>acy of plus or minus 30%. 
This rather high degree of inaccuracy is attributed to sev-
eral factors but in general may be traced to lack of data as 
the primary cause. Therefore the final design could differ 
appreciably from the preliminary design and thus cause an 
error of this magnitude. As additional data is obtained of 
course, the cost estimation accuracy increases. 
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Dua to the limited available data on pyrolytic solid 
waste disposal, the plus or minus 30% criterion applies 
equa.lly as well to our cost estimation study. The greatest 
probable cause of error is in the estimation of the pyro-
lytic converter cost. This is due to the fact that no pub-
lished data is available for units of this type. It is ex-
pected that this cost may be under-estimated rather than 
vice-versa. Cost estimation of the remaining units is ex-
pected to be of much greater accuracy. No other major sources 
of error are thought included. 
4.48 Results and Conclunions 
Tho primary purpose of this section was to investigate 
the relative cost of pyrolytic municipal solid waste disposal 
versus incineration. The fixed-capital investment costar-
rived at for the pyrolytic system under discussion is $939,900. 
The cost of incineration for a similar throughput of solid 
waste may be calculated as follows. 
According to information made available at the 1968 
National Incineration Conference, the current fixed-capital 
investment required for incineration is $2000 to $9000 per 
ton per day of design capacity. Therefore, for a ten ton 
per hour design capacity, the cost of an incinerator may 
range from $1~80,000 to $2,160,000. This great cost differ-
ential for incineration is mainly due to the degree of 
sophistication of tb,e unit which largely depends on the 
amount of pollution control equipment involved. Thus a 
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$480,000 unit includes little or no pollution control equip-, 
ment, while the higher priced units are virtually pollution 
free. 
It is therefore evident that, when using pollution con-
trol as a convenient basis of comparison, a pyrolytic unit is 
much less expensive than an incineration plant of equal poll:ut-
ing level. This cost difference is mainly due to the lack of 
need for pollution abatement equipment in the pyrolytic opera-
tion. Unfortunately, due to lack of sufficient incineration 
cost data, a quantitative cost comparison is difficult to per-
form. 
On the basis of the above quantitative arguments and 
preceding qualitative arguments of earlier sections, it is 
the opinion of this project group that municipal solid waste 
disposal by pyrolytic means does indeed compare economically 
with incineration methods. 
4.5 
4.51 
Detailed Design of Pyrolytic Municipal Solid Waste Disposal Facility 
General Discussion 
Based upon the results of the pyrolytic solid waste dis-
posal facility cost estimation study conducted the first semes-
·ter (section 4.4), further investigation and design was under-
taken, Due to the acquisition of additional data, several 
major changes in the preliminary design flow plan were made. 
This data was primarily obtained from a publication, entitled 
"Conversion of Municipal and Industrial Refuse Into Useful 
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Materials by Pyrolysis", by W. s. Sanner, et al, of the 
Bureau of Mines.(118) The major results presented in that 
publication are shown in Tables 11 through 18 of the appendix. 
The final design flow plan, a redesign of the prelim-
inary flow plan (Figure 40), is shown in Figure 41. By com-
parison, the obvious major changes include relocation of the 
magnetic separator, redesign of the refuse storage silos, and 
redesign of the gas handling facilities. This latter item in-
cludes installation of gas cooling ducts, eliminatim of the 
gas storage tank and the inclusion of an additional combus-
tion chamber. In addition, the facility's overall design 
capacity was more than doubled over that of the preliminary 
design to 500 tons of solid waste input per day. 
The increase in design capacity was thought necessary 
due to additional evidence found in the literature supporting 
the claim that a pyrolytic disposal facility, under the 500 
tori per day capacity, was uneconomical to operate. A facility 
of this size, however, could still easily be adapted for use 
in the Lehigh Valley Area by institution of transfer stations 
in outlying areas. This size facility could be expected to 
handle the solid waste generated by a population center of 
200,000 residents; the approximate size of Allentown and 
Bethlehem, Pennsylvania combined, as well as their small sur-
rounding communities. 
The magnetic separator was relocated from a point in 
the refuse flow path before the pyrolytic converter to a new 
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location after the converter. During the preliminary design 
formulation stage of the first semester, it was thought best 
to remove the ferrous metal scraps from the shredded refuse 
prior to refuse storage and introduction into the converter. 
This order of operations results in a decreased storage volume 
requirement and a decrease in the energy input to the conv~r-
ter due to the elimination of heating the ferrous metals. 
These advantages, however, are outweighed by the fact that 
during the magnetic separation process, a small quantity of 
organic matter will be entrained with the separated metals. 
This small fraction of organic matter will decrease the vaJ.ue 
of the ferrous metal scrap. To eliminate this problem the 
magnetic separator was relocated. By placement of the mag-
netic separator after the pyrolytic converter, the ferrous 
metal scraps removed from the solid residue ex.it stream will 
be of high purity. Any entrained carbon and ash could be 
easily removed by a screening and shaking operation. The 
remaining ferrous scrap may be sold. 
The additional energy required to heat the ferrous 
metal scrap within the converter is unimportant due to the 
abundance of recycle combustible gas available. Also the 
resulting approximate two percent increase in storage vol-
ume required is negligible compared to the ferrous metal 
scrap purity advantage gained. 
The equipment required for gPinding and conveying the 
refuse remains the same. Also a magnetic separation unit, 
similar to the one used before, may be used in the new 
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location. In addition, solid residue storage requirements 
remain unchanged. Design work was however undertaken on the 
following items: refuse storage silos, the pyrolytic converter 
and the gas handling equipment. Since these three items rep-
resent the major equipment requirement of the proposed pyro-
lytic disposal facility, detailed design of their construction 
and operation was performed. The following sections present 
a discussion of the construction of these items as well as 
applicable calculations. 
Refuse Storage 
Although the type of storage facility required for our 
purposes is not unconventional, the quantity of storage vol-
ume needed is larger than that of most industrial applications. 
Having designed a continuous process, ample refuse storage 
facilities must be designed in order to maintain an uninter-
rupted operation. Due to the fact that refuse collection and 
hauling ceases on weekends and holidays, a 48 hour supply of 
shredded refuse storage will be required to maintain a con-
tinuous operation over these periods. 
Based upon a processing rate of 500 tons per day, a JiB 
hour refuse storage holding capacity, and a 40 pound per cubic 
foot shredded refuse density, a total of 50,000 cubic feet of 
storage volume is required •. This storage volume will be ade-
quate to operate the facility at full capacity during weekends 
and short holiday periods and at a reduced processing rate dur-
ing three day holiday-weekend combination periods. 
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For the purposes of this design, the 50,000 cubic feet 
storage volume requirement is obtained by the use of two sep-
arate stora~e silos. Silos of this type (see Figure 42) are 
manufactured by several companies, however, a volume require-
ment of this magnitude will warrant special design. Nonethe-
less, the design and fabrication of the silos is not expected 
to present any insurmountable problems. 
As seen by Figure 42, each silo will be cylindrical in 
design, enclosed at the top, and have a 30 foot inside diameter. 
An approximate 64 foot height is required to yield an effective 
holding volume of 25,000 cubic feet. Use of a bucket elevator 
is made to lift the shredded refuse from the enclosed input con-
veyor to the top of the silo. Here the refuse is deposited on 
a pivoted belt conveyor which serves to distribute the refuse 
throughout the silo. A level sensor is incorporated in order 
to signal the operator that the silo is filled to capacity; 
the shredded refuse will then be rerouted for storage in the 
second silo. The conical, sloping lower section of the silo 
serves to direct the stored refuse toward the exit port. 
motor-operated rack and pinion gate valve is used at this 
location to control the outflow of refuse. Exiting refuse 
falls to the enclosed output conveyor which transports the 
refuse to the pyrolytic converter. 
4.53 Pyrolytic Converter 
4.531 Discussion 
The only major material processing unit of the pro-
posed refuse disposal facility is the pyrolytic converter •. 
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Aside from the refuse. sh!edding operation accomplished by 
the grinder, all other units mainly amount to conventional 
materials handling equipment. Design of the pyrolytic con-
verter was therefore undertaken. 
Inside the converter refuse is heated at high temper-
atures in the absence of oxygen to yield gaseous and solid· 
products. The input to the converter is shredded refuse as 
received fro~ the storage silos via an enclosed belt conveyor 
(see Figure 43). This shredded refuse is pyrolyzed into 
steam, carbon oxides, volatile vapors and charcoal. The 
gases are drawn off overhead and the solid residue, contain-
ing ferrous metals, is removed and transported to the mag-
netic separator. 
The basic construction of the converter is similar to 
an indirect-heat rotary dryer. The unit consists of a large 
cylindrical drum eight feet in diameter and 60 feet in length. 
This drum is slowly and continuously rotated in order to allow 
for proper mixing of the refuse, thereby promoting adequate 
heat transfer. In addition, the drum is inclined one and 
one-half degrees, from refuse input to output, which serves 
to move the refuse through the converter toward the solid 
residue exit. 
Feed and discharge arrangements are critical in that 
the entry of air or escape of gases must be minimized. Shredded 
refuse is transported from the storage silos by an enclosed 
belt conveyor and deposited in the input bin prior to introduc-
tion into the converter (see Figures 44 and 45). The input bin 
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is an integral part of the stationary head. The input con-
veyor continues to transport shredded refuse to the input 
bin until the upper level sensor is activated by the pres-
sure of refuse against it. Activation of the upper level 
sensor results in the simultaneous stoppage of the.input 
conveyor and closing of the storage silo gate valve. As t~e 
refuse enters the converter through the rotary valve, the 
refuse level in the input bin drops. When the refuse level 
drops below the lower level sensor (this sensor activates 
due to the absence of refuse pressing against it), simul-
taneous opening of the gate valve and activation of the iny.,ut 
conveyor takes place. This arrangement at all times main-
tains a shredded-refuse seal above the rotary valve which 
serves to prohibit the passage of gases in either direction. 
Coordination of the rotary valve speed, the conveyor speed, 
and the distance which the storage silo gate valve opens, is 
required in order to stabilize operations and thus minimize 
frequent starting and stopping of the conveyor and gate 
valve mechanisms. 
Since the solid refuse becomes more homogeneous Rnd 
greatly decreases in volume durine its passage through the 
converter, a compact discharge arrangement is used. Level 
sensors similar to those used in the input bin are utilized 
(see Figure 46). As the carbon, ash and metal residue exit 
the converter they fall into the output bin. Here the solid 
residue accumulates until the high level sensor is activated; 
whence, simultaneous extraction of the solid residue commences 
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'by use of an enclosed screw conveyor which deposits the mate-
rial onto a belted output conveyor. Both, the screw and belt 
conveyors are activated by the level sensors. Discharge con-
tinues until the lower level sensor is activated by the ab-
sence of solid residue in the output bin. Due to the small 
volume of exiting solid material it is not necessary to main-
tain a continuous discharge operation. The output conveyor 
transports the solid residue to the magnetic separator and 
then to solid storage. 
Heating of the converter is accomplished by recycling 
the effluent gas into a combustion chamber and subsequent in-
troduction of these hot gases into the converter. The gases 
enter the converter through a rotating pipe line connection 
located at the solid residue discharge end (see Figure 46). 
This inside hot gas passage expands largely once within the 
stationary head (also see Figure 47). The hot gases proceed 
do~m the length of the converter, inside the hot gas passage, 
counter-current to the flow of waste residue within the solid 
materials passage. At the converter solid input end (see 
Figure 45), the hot gases are reversed in direction and enter 
several return gas passages located along the inside perimeter 
of the shell. The gases then again travel the length of the 
converter, co-current to the flow of refuse, collect in the 
gas outlet head (see Figure 46) and are released to the stack. 
Due to the configuration of the inside and return gas 
passages, a great deal of heat transfer surface is available. 
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In addition, the gas passages a.re designed so as to act as 
lifting flights. Thus, during the rotation of the shell, 
the return gas passages serve to lift the refuse and deposit 
it on the outside of the inside gas passage. Efficient utili-
zation of the available heat transfer surface is therefore 
accomplished. It is estimated that a thermal efficiency ap-
proaching 9(1%, at operating temperatures of 1200°F, is possi-
ble with this design. 
Refuse flowing through the converter occupies the refuse 
material passage (see Figure 47). As the refuse passes throuvp 
the inclined converter from the input to the output ends, the 
pyrolytic reaction is taking place. The resulting ~ases formed 
are withdrawn from the converter through the product gas out-
let, located at the solid refuse input end, and sent to the 
cooline ducts. 
The converter shell will be constructed of three-quarter 
inch thick steel plates, butt welded together. Interior gas 
passage construction can be of stamped steel plates and 
bolted or riveted in place. Head and bin construction may 
be of similar design. Owing to the problem of metal fatigue 
and sag at these high temperatures, mounting arms are re-
quired throughout tho interior of the shell to firmly position 
the i.nside gas passage ( see Figure ~.7) • The use of a thir~ 
riding ring at the center of the converter is justified due 
to sag limitations. Outside insulation is 1•equired through-
out for efficiency and safety. 
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Because of the large mechanical loads imposed on mov-
ing parts, mechanical design is most important. Of basic 
consideration is the combination of members which serve to 
support the rotating drum. Use is made of a heavy metal rid-
ing ring which surrounds the converter shell at the support 
points (see Figures 43, 44 and 47). This riding ring is 
mounted on a riding ring band which is part of the drum wall 
and is held in place by retaining blocks. 
The riding rings rest on bearing wheels, while the in-
clined drum is kept from traveling off the bearing wheels by 
thrust wheels (see Figures 4S, 46 and 47). The entire assem-
bly of bearing and thrust wheels is mounted on a base as 
shown in Figure 46. The bearing wheels are supported by 
means of' pressure-lubricated roller bearings on stationary 
shafts. The thrust wheels, which roll against the edge of 
the riding ring, are supported by means of pressure-lubricated 
ball bearings on a fixed shaft. 
Rotation of the drum is provided by means of a single 
gear wheel which surrounds the shell. This circumferential 
gear is connected to a gear reducer by means of a pinion gear. 
Power is provided by use of a 10 horsepower variable speed 
motor. 
Seals are necessary to prevent gas leakage at the trans-
ition between the shell and the heads at either end (see Fig-
ures 45 and 46). Additional seals are required around the 
rotating hot gas input and return cormections. For this 
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purpose, use if made of machined and adjustable sealing sur-
faces mounted around the circumference of the shell and input-
return pipe. Expandable 0-rings are mounted between the sta-
tionary head and the sealing surfaces. 
The operating rate of the converter may be varied by 
manipulation of the refuse input rate, the drum revolution. 
rate and the heating gas input rate. Under normal operating 
conditions the mean interior converter temperature will be 
1650°F. One to two shell revolutions per minute will be re-
quired to effect an average refuse intake-to-discharge cycle 
of 12 to 15 minutes. 
4.532 Calcul~tions 
A pyrolytic converter operating temperature of 900°c 
(1650°F) was chosen in order to minimize tar formation and to 
maximize production of heat-producing non-condensible gases. 
At this temperature, light oils are present in neglj_gible 
quantity. Liquor (water) is also minimized but is neverthe-
less present in considerable quantity. Although the heat 
content (Btu/lb.) of the product gases is not a maximum at 
this temperature, the amount of gas produced per ton of refuse 
is a maxirmnn, and therefore the available heat per ton of 
refuse is maximized. Below is presented a listing of the 
various product yields from one ton of pyrolytically con-
verted municipal refuse at 1650°F. 
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Wt. Wt • 
Item Volume. (lb.) 
.L Heating Value 
solid • d J} 154 7.7} res1 ue' 
* 
5260 Btu/lb. 
ammonium sulfate 25 1.25 (solid) 
tars~~ 0.5 gal. 4 0.2 80,025 Btu/ton 
refuse 
**-!~ 
955 47.8 liquor (water) 114. gal. 
non-condensibles# 17.741 ft~ 789 ~ 7.93 X 106 Btu/ (STP) 
96.4/# 
ton refuse 
1,927 
Comments on above product yields: 
*This heating value is not considered as available energy. 
The solid products pass through the converter and do not 
supply energy to the operation. 
{H~Specific gravity at 15.6°c is approximately 1.2. Boiline 
range is 0-350°c. 
{HH~Heating value is negligible. Approximately 100% water. 
#Heating value is 447 Btu/std. cubic feet. Is a potential 
source of H2 and CH4. 
##Light oils are also produced but in an amount negligible 
for design purposes, 
All calculations are based on a processing rate of 500 
tons per day (20.8 tons/hr. or 0.347 tons/min.) of municiapl 
refuse. 
Enthalpy and material flow: 
Tars: 
Average 0 ' molecular weight at 900 C (MWavg), 
Component Wt. % Moles Mole % 
H2 7,3 7.3 51,2 
C 85,0 7.1 47,6 
N 2.4 0.173 0.012 
0 2,3 0.144 0.010 
s 0.7 0.022 0.001 
Ash 2.3 0.192 0,013 (Assume carbon) 
100.0 14. 931 
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MWavg = 0.5I2(1) + 0.476(12) = 6.23 lb./lb. mole 
Gaseous tar volume per ton refuse (Vt) is ••• 
3 ft. atm. 
n RT (0.73 o) 
V _ t _ 4 lb. lb.mole R (2110 °R) t -~ - lb 
P 623 lb. m~le (1 atm.) 
= 988 ft.3@ 900°c, 1 atm. 
Gaseous tar flow rate from converter (Mt) at 900°c and 1 atm 
is ••• 
Mt= 988 ft.3 (20.8 tons) ( 1 hr.) = 342 cfm 
ton hr. 60 min. 
Heating value of gaseous tar flow (qt) is ••• 
qt= 80,025 Btu (0.347 ton) = 27,800 Btu 
ton hr. min. 
Liquor: Approximate molecular weight equals 18 lb./lb. mole 
(water). 
Moles of liquor per ton of refuse (n1) is ••• 
n1 = 114 ~ (8.34 lb. ) (lb. mole) ton gal. 18 1 o • 
= 52.8 lb. moles 
ton 
Gaseous liquor volume per ton refuse (V1) is ••• 
ft.3 atm. 
V _ n1RT = 52.8 lb. moles (o. 73 lb. mole 0R) (2110°R) 
1 p 1 atm. 
8 3 0 = 1,600 ft. @ 900 C, 1 atm. 
0 Gaseous liquid flow rate from converter at 900 C and 1 atm 
,. 
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M1 = 81,600 ft.3 (0.347 ton) = 28,300 cfm 
ton min. 
. 
Heating.value of gaseous liquor flow (q1) is ••• 
q1 = 0 B~u (non-combustible water) 
min. 
Non-condensibles: 
Non-condensible volume per ton refuse (Vnc) is ••• 
Vnc = 17,741 ft. 3 @ 60°F, 1 atm 
= 17 741 ft.3 (2110 OR) 
, 520 °R 
= 71,900 ft.3@ 900°c, 1 atm 
0 Non-condensible flow rate from converter at 900 C and 1 atm 
(~c) is ••• 
11nc = 71,900 ft.3 (0.374 tons) = 25,000 cfm 
ton min. 
Heating value of non-condensible flow (~c) is ••• 
~c = 7.93 x 106 Btu (0.347 tons) 
ton min. 
= 2,760,000 Btu 
min. 
Total gaseous heating value flow .•. 
Flow Rate Heating Value Component (cfm) (Btu/min.) 
tars 342 27,800 
liquor 28,300 0 
non-combustibles 25,000 2,760z000 
Totals 53,642 2,787,800 
Recycle gas necessary to sustain process: 
Unit energy required is approximately 2,000,000 Btu/min .• 
necessary to sustain pyrolysis at 900°c 
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Recycle energy required (qrecycle) is ••• 
q = 2 0 x 106 Btu (0.347 tons) 
recycle • ton min. 
= 694,000 Btu 
min. 
Recycle flow rate required (Mrecycle) is ••• 
Btu 
~ecycle 
= 694,000 min. 
2,787,800 Btu 
min. 
( 53 , 642 cfm) 
= 13,330 cfm@ 900°c, 1 atm 
This recycle flow is approximately 251, of the total 
product gas flow rate. 
4,.54 Cooling Duct 
4,541 Discussion 
Since the design temperature of the product gases exit-
ing the converter is 1650°F, the use of gas cooling equipment 
was deemed necessary in order to avoid heat damase to the 
system. In addition, cooling the gases results in a large 
volume reduction, thereby decreasing the size requirement of 
the various system components. 
Water-cooling was thought impractical since water evap-
orated into the gas will decrease the heating value of the gas 
and also create a hot water problem. Dilution of the gas with 
outside air is also not recommended since, although the temp-
erature would be reduced, the gas volume would become annoy-
ingly large. The use of radiation-convection cooling columns 
was concluded to be the most practical solution. 
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The only necessary equipment required for cooling us-
ing radiation-convection cooling columns is an adequate length 
of ductwork to provide the necessary heat.transfer area and 
an exhaust fan of sufficient capacity to pull the gases through 
the system.· In addition, due to the size of the columns, a 
fairly large plot area is necessary. 
The cooling duct considered here is to be fabricated of 
large diameter black iron pipe, arranged in a series of inter-
connected vertical columns. Inter-column connections are 
made by the use of 180° elbow joints. The gas stream will be 
drawn through the cooling duct from the pyrolytic converter 
exhaust port and transferred to the rest of the system by 
the exhaust fan located at the cold end of the cooling duct. 
The gases, in passing through the duct, lose heat to the 
duct wall via the mechanisms of radiation and convection. 
The cooling duct in turn loses heat to the atmosphere. 
The radiation-convection cooling columns will serve a 
dual purpose. As well as cooling, by installation of collec-
tion hoppers at the bottom of each column, most of any en-
tralned dust particles can be continually collected. These 
particles may be periodically removed by use of access doors 
beneath the column structure. The removal of entrained dust 
particles will serve to minimize equipment wear by means of 
abrasive erosion. A decrease in air pollution will also result. 
With this type of cooling, however, flexibility in con-
trol of gas temperature is limited. Excessively low temperatures 
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could result in condensation of gases in the system. Con-
versely, excessively high temperatures could cause damage 
to equipment. To avoid these occurrences, a quick-response 
temperature controller is necessary to warn the operator of 
the change in temperature so that proper adjustments could 
be made in sufficient time. These adjustments might include 
admitting outside air into the system, water-quenching the 
gas stream or a portion of the duct itself, or simply venting 
a portion of the gases to the air. 
A summary of the cooling duct's major dimensions and 
operating requirements is given at the conclusion of the cal-
culations which follow. 
4.542 Calculations 
The first step in designing the ductwork is to deter-
mine the composition and properties of the product gas stream. 
Determination of product gas composition: 
" Flow Rate.,, Volume 
Component ( cfm) ( ~) 
tars 342 0.7 
liquor· 28,300 ~-52 .. -7 
non-condensibles 25,000 46,6 
53,642 100.0 
Comments on above product gas composition: 
{~Values were previously determined in section 4. 532. 
The contribution of tars to the product gas composi-
tion is negligible. The liquor is considered to be 
100% water. 
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The non-condensible stream, considering only the major 
components, is as follows. 
Volume % Volume a/,, of Component of N-C Stream Product Gas Stream 
H2 51.9 24.25 
co 18.2 8.50· 
X 46.6,t + 
CH4 12.7 (see above) 
. 5. 93 
C2H4 4.7 2.20 
H20 11.3 $2.90 
93.78~ 
accounted for 
The mass percentages of the various components in the 
product gas stream are as follows: 
ComEonent Vol.~ X Mol. wt. =Mass/unit vol. Mass ~ 
H2 24.25 2 48.50 3.475 
co 8.50 28 238.00 17.05 
CH4 5.93 16 94. 70 6.79 
C2H4 2.20 28 61.60 4.42 
H20 52.90 18 9$3.00 68.3 
1395.8 100. 0351' 
Thus, the total mass per unit volume equals 1395.8. 
Since the highest boiling components (tars) of the 
product gas str•eam have a distillation range of 0-350°c, and 
since the product gases exit the converter at 900°c (1650°F), 
this gas stream may be cooled somewhat in order to reduce 
volumetric flows and heat damage to the system. A temperature 
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which is safely above the dew point of the product gas stream 
is chosen to be 550°c. 
Heat to be transferred: 
In order to determine the heat transfer requirement (Q), 
the heat capacity (Cp } of the product gas stream must be avg 
calculated. A weighted average of the heat capacities (Cp} of 
the individual components is used, The average temperature 
(Tavg} of the cooling product gas stream is ••• 
T - 5500c + 9000c = 7250c = 10000K 
avg 
2 + T 3 CP = 0( + J3 Tavg + '/' Tavg CT avg 
= o< + /3 X 103 + 'f X 106 + 0- X 10 9 
Constants for use in the above equa.tion were obtained 
from Material and Energy Balances, by Schmidt and List.(121) 
CPH2 = 6,952 0.04576 X 10-2 X 103 + 0.09563 X 10-5 X 106 
0.2079 X 10-9 X 109 
= 7.24 Btu = 3.62 
lb. mole Op 
Btu 
lb. Op 
C = 6,726 + 0,04001 X 10-2 X 103 + 0.1283 X 10-5 X 106 Pco 
0,5307 X 10-9 X 109 
= 7.88 Btu = 0.281 Btu 
lb. mole op lb. 0 P 
CPbH = 4.75 + 1.20 X 10-2 X 103 + b.303 X 10~5 X 106 4 
- 2,63 X 10-9 X 109 
= 17,15 Btu = 1.070 Btu 
lb. mole 0 P lb·, °F 
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CpC2H4 = 0.944 + 3.735 X 10-
2 X 103 - 1.993 x 10-5 x 106 
+ 4.22 X 10-9 X 109 
= 38.29 Btu = 1.369 Btu 
lb. mole °F lb. °F 
Btu (from steam tables at 1000°K) 
lb. °F 
C = (0.03475) (3.62) + (0.1705( (0.281) + Pavg 
+ (0.0679) (1.070} + (0.0442} (1.369) 
+ (0.683) (0.53) 
= 0.673 Btu @ T = 1000°K 
lb. OF avg 
The heat to be removed from the product gas stream (Q) 
by use of the cooling ducts is, •• 
Q = mCpAT 
Volumetric flow rate is approx. 53,500 cfm@ 1 atm., 
900°C (2110°R) 
AT= gas temperature change - 900°c to 550°c 
m = mass flow rate= (955 + 4 + 789) lb. gases 
ton 
m = 36,400 lb. gases 
hr. 
Q = 36,400 lb, (0.673 Btu ) (2110 - 1479) °F 
hr. lb, OF 
= 1,545 X 107 Btu 
hr. 
(20. 8 tons) 
hr. 
Additional values needed in order to completely specify 
the ductwork design are: the log-mean temperature difference, 
inside and outside heat transfer coefficients, heat transfer 
area, length of duct and the pressure loss due to friction. 
These calculations follow, 
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Log-mean temperature difference (AT1m): 
gas inlet temperature= 2110°R 
~ 
gas outlet temperature= 1479°R 
maximum atmospheric temperature= 560°R 
ATlm = __ (2_1_10 __ -__,5:;....6_0 __ ) _-_("-l_,_47.;_.;9~..,_2_60 __ ) 
ln (2110 560) 
(1479 - 560) 
= 1206°R 
Inside heat transfer film coefficient (hi): 
Obtain jH from "Air Pollution F.ngineering Manual," 
figure 40.(124) 
Use design velocity of 2720 fpm at converter discharge 
port. 
Area of duct (A) = 
Pipe diameter (D) 
53,$00 cfm = 19.61 ft.2 
2,720 fpm 
= (~)1/2 = [4(19.6; ft.2)]1/2 
= 5 ft. 
Gp= mass flow rate per unit area 
= (4 + 955 + 789) lb. (20 B) ton 19.61 ft.2 ton • Er:'" 
= 1852 lb. 
hr. ft.2 
Assume absolute viscosity(µ) is same as that for air. 
Table Dl. (124) 
where T = 1000°K = 1337°F avg 
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"'= 0.1024 lb. 
hr. ft. 
Reynolds number (Re) = DGp 
\,l 
-Re= (5 ft.) (1852 ft~~·hr) = 
0.1024 lb. 
hr. ft. 
90,400 
Using Re= 90,400, from-Figure 40 (124). 
Use Eucken's approximation for thermal conductivity. 
k = ~ (C + 2 •48) p m 
where k = thermal conductivity 
m = molecular weight 
Assuming air properties, 
also, CP = 0.53 Btu/lb. °F H20 
CPH
2 
= 3.62 " 
cPco = 0.281 " 
CPCH4 = 1.070 II 
Cp = 1.369 " 
C2H4 
thus, kH2 = 0.1024 (3.62 + 
2248) = 0.498 Btu 
2 °F) hr. ft. (ft. 
k00 = 0.1024 (0.281 + 22tt8) = 0.0379 
kcH
4 
= 0.1024 (1.070 + ~) = o·.1256 
16 
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now, 
kH2o = 0.0481 Btu (from steam tables) 
hr. ft. 2 ( °F ) 
ft. 
kavg = average thermal conductivity of product gas 
stream 
= (0.03475) (0.498) + (0.1705) (0.0379) 
+ (0.0679) (0.1256) + (0.0442) (0.1491) 
+ (0.683) (0.0481) 
= 0.0717 Btu 
C U 
Pavg 
(kavg ) = 
h ft 2( Op ) 
r · · ft. 
(0.673 lb~~~) (0.1024 nr.1¥£.) 
0.0717 Btu 
2 Op) hr.ft. (-
= 0.961 ft. 
now obtain hi, 
hi = 240 (~l7) (0.961) 1/3 = 3.40 __ B_t_u __ 
hr, ft. 2 °F 
convert hi to inside film coefficient (hi 0 ) based on 
outside surface area. 
Use 10-gage duct wall, thickness = O,llil in. 
D0 = outside diameter 
= 5.0 ft. + 2 (0.141 in.) = 
12 in. 
n. 
5.0235 ft. 
Btu 
2 0 hr. ft. F 
Outside heat transfer film coeffici.ent (h
0
): 
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-where, he = outside coefficient due to conduction 
hr = outside coefficient due to radiation 
/ 
he = 0.27 (At)0.25 ~ for vertical pipes over one foot 
high (124) 
where, 6t = temperature difference between duct wall 
and atmosphere 
For trial 1 of trial and error solution, assume a duct 
wall temperature (tw) of 605°F. 
= O 27 (60$ - l00)0· 25 = 0 855 Btu he • 5.0235 · 
hr. ft. 2 Op 
hr= 4.4 (0.736) From Figure 41 (124) using emisRivity 
of 0.736 for rusted black iron duct, 
= 3.24 Btu 
hr.ft. 2°F 
h0 =he+ hr= 0.855 + 3.24 
= 4,10 Btu 
hr. ft. 2 °F 
Checking the assumed wall temperature, 
. - 3 0 ( 4 .10 ) ( 0 = tw - 1 37 F - 4 .lO + 3 •38 1337 F) 603°F 
'J.1he assumed t of 605°1;, agrees closely enough with the w 
calculated tw of 603°F. 
Overall heat transfer coefficient (U) based on outside nrea: 
h h • O 
uo = io O = (3.38) Ur.10) = 1.85 Btu 
hio + ho 3.38 + 4.10 hr. ft.2 op 
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Heat transfer area(~): 
1,545 X 107 ~~~ Ah = _Q __ , -- = ----------..,;__ __ 
Uo AT1m (1.85 Btu ) (1206oF) 
hr. ft.2 OF 
= 6930 ft. 2 
Length of duct (L): 
6930 ft •2 L = = 439 ft. 
'Jr (5.0235 ft.) 
Assuming that duct length from the pyrolytic converter 
to the vertical cooling-duct columns is 50 feet, the 
length of duct required in the column section (1) is, •. 
1 = 439 ft. - 50 ft. = 389 ft. 
For column helght of 50 feet, the number of columns re-
quired (n) j_s, .. 
n = 
389 ft. = 
50 ft. 
column 
7,78 columns 
If 7 columns are used, the length of duct requir•ed for 
between column connections (lb) is ••• 
lb= 389 ft. - (50 ft,) 7 = 39 ft. 
The connecting length between each column (le) is there-
fore, .. 
1 = 39 ft. = 5,57 ft. 
C 7 
Pressure loss due to friction: 
1
8 
= total straight column length 
= 7 columns (5° rt.) = 350 ft, 
column 
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0 Equivalent length of 180 bends at end of each column 
(seven 180° bends) is the same as that of fourteen 
90° bends. 
Leq 90° elbow equiv. length=.:__= 30 D source: (108) 
where, D = pipe diameter= 5 ft. 
therefore, Leq = 30 D = 30(5 ft.)= 150 ft. 
The equivalent length for fourteen 90° elbows (le) is ••• 
le= 14 L0 q = 14(150 ft.) = 2100 ft. 
The total equivalent length of duct (lt) is ••• 
lt =ls+ le= 350 ft. + 2100 ft.= 2450 ft. 
The pressure drop due to friction calculation reauires 
values for the average flow velocity and the average 
volumetric flow rate. 
inlet velocity= $3,5oO cf~= 
19.61 ft. 2720 fi:_ min. 
outlet velocity= (935o + 28 ,~00) cfm = 1910 ft. 
19.61 ft. min. 
average velocity= 2720 + 1910 = 2315 ~ 
2 min. 
avg. volumetric flow rate = (53,500 + 37,550) 2 
= 45,525 cfm 
cf:, 
From Figure 19 (124), the friction loss for the above 
conditions (F1) is ••• 
F = 0 _174 inches H20 1 100 ft. 
The total friction loss (Ft) is therefore ••• 
F· = (o·~J4 in. H20) (2450 ft.) = 4,26 in. H2o t 100 ft. 
= 0,154 psi 
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This friction loss (Ft) is not considered to be signifi-
cant. 
Summary: The ductwork, designed to cool the pyrolytic conver-
ter product gases, will total 439 feet in length. This length 
enables the product gases to be cooled from 900°c to 550°c, a 
cooling duty of 1,545 x 107 Btu/hr. Constructed of five-foot 
inside diameter 10-gage black iron duct, a total of seven 
vertical colUITil1S of 50 foot length will be used. Inter-
column connection is made by use of 9~-foot 180° elbo~s. 
4,55 Gas Handling System 
4,551 Discussion 
As was mentioned in section 4.51, during the second 
semester study several changes in the basic flow plar. of the 
pyrolytic disposal system were made. Included in these changes 
was the redesign of the gas handling system. 
With the acquisition of additional data the second semes-
ter, it became apparent that the condensation of pyroligneous 
acids within the gas storage facility would present a major 
problem. These acids, which have a dew point temperature of 
350°c, would present both a materials corrosion proble:, and 
a removal and disposal problem if allowed to condense in any 
part of the system. Although these acids are of so~e worth 
when separated to fractions of sufficient purity, a rr.arket 
does not exist for these liquid acids as presently produced 
by a pyrolytic system. Since it is not within the scope of 
this project to design an acid separation system, the conden-
sation of these acids does not suit our purposes, Use of a 
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gas storage tank, where the acids would easily condense, is 
therefore not recommended. 
It was thus decided to dispose of the gaseous acids by 
combustion before condensation could take place. A waste gas 
combustion chamber was therefore substituted in the flow plan 
in place of the gas storage tank. 
The resulting flow plan (see Figure 41) includes only 
those equipment required to safely and efficiently dispose of 
municipal solid wastes and does not include any auxiliary equip-
ment such as gas condensers or steam generation facilities. 
Thus this basic flow plan is well-suited to nrunicipal solid 
waste disposal only. 
As designed, the gas handling system is composed of 
four major components which include: the pyrolytic converter, 
the cooling duct, the waste gas combustion chamber and the 
recycle gas combustion chamber. Quite basically, as seen by 
Figure 48, the gas is first produced within the converter 
through the pyrolytic waste decomposition process. This gas 
flows from the converter through the cooling duct, where its 
temperature and volume is decreased. A portion of the gas 
(approximately 25% by volume) is recycled to the recycle gas 
combustion chamber. Here the gas is burned and sent to the 
converter for heating purposes. Having passed through the 
converter, the gas is vented. The gas which is not recycled 
is sent to the waste gas combustion chamber where it is burned 
and then vented. 
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A discussion of the pyrolytic converter and the co61-
ing duct, as well as their associated calculations, has been 
presented in a previous section. Section 4.552, to follow, 
presents the remaining calculations required to design the 
various gas handling equipment. The equipment specifications 
are presented in section 4.553. 
4.552 Calculations 
Gas recycle to pyrolytic converter heating system: 
Mrecycle = 13,330 cfm@ 900°c, 1 atm (from section 4.532) 
The normal recycle flow (~n) of the 550°c (823°K) gases 
leaving the cooling ducts will be ••. 
= 9350 cfm@ 550°c, 1 atm. 
Allowing for a 20% maximum variation in gas flow, the 
design recycle flow (Mrd) will be ••• 
Mrd = 1.2 (9350 cfm) = 11,210 cfm@ 550°c, 1 atm 
Waste gas flow to gas burners (Mwaste): 
Mwaste = (53,642 - 13,330) cfm 
= 40,312 cfm@ 900°c, 1 atm 
The normal waste gas flow (Mwn) of the 550°c (823°K) gas 
from the cooling ducts to the waste gas burners is ••• 
M = 4. 0 312 cfm ( 823°K) 
.'Wll ' 1173°K 
= 28,200 cfm@ 550°c, 1 atm 
This 28,200 cfm will be the usual gas flow rate passing 
through the waste gas handling system. However, shutdown 
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of the gas recycle system for maintenance periods will 
force the system to handle all of the gases exiting 
the converter. At 550°c, the total maximum waste gas 
flow (Mtwm) will be ••• 
. Mtwm = 53, 6~.2 cfm ( 1~~~:~) 
= 37,600 cfm@ 550°c, 1 atm. 
Allowing for a 20% maximum variation in flow, the total 
maximum waste gas design flow ( Mwd) is ••. 
~d = 1.2 (37,600 cfm) 
= 45,200 cfm@ 550°c, 1 atm 
Excess air requirment for combustion of pyrolysis gases: 
Combustible gases do not include liquor, which is essen-
tially water, Tho combustible gases include the follow-
ing. 
Item 
tars 
non-condensibles 
Volumetric 
Flow Rate 
(cfm) 
342 
25,000 
% of Totnl 
Combustible fl 
1.1~. 
98.6 
Due to tho small amount of tars present, the contribu-
tion of the tars to the total combustible gas stream 
is neglected. 
By reference to Table 13 of tho appendix, the major con-
stituents of the non-condensible gases nre (excluding 
non-combustible CO2 and H2o) as follows • 
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Item 
H2 
co 
CH4 
"/o by Volume or 
Moles of 
Total GRS Stream 
51.9 
18.2 
12.7 
"/o by Volume or Moles 
of Combustible Gas Stream 
51.9/87.5 = 59.3 
18.2/87.5 = 20.8 
12.7/87.5 = 14.5 
4.7/87.5 = -2.Jl 
100.0 
The reaction, on combustion, of 1 lb. mole of coMbustible 
gases is as follows • 
C2H4 4.7 
87.5 
0.593 H2 + 0.208 CO+ 0.145 CH4 + 0.054 C2H4 + 0.813 02 ~ 
0.461 co2 + 0.991 H20 
The normal oxygen requirment is therefore 0.813 lb. moles 
o2/lb. mole combustible gas. The recycle and waste gas 
burners will however be designed for a 20% excess oxygen 
requirement. 
The design oxygen required will therefore amount to ••. 
1.2 (0.813) = 0,9?6 lb. moles 02 
------------1 b. mole combustible gases 
The design air requirement (Ar) will therefore be ••• 
Ar 0,964 lb. mole 02/lb. 
mole combustible f],flS e S 
= 
0.21 lb. mole 02/lb. mole air 
= !~.65 lb. mole air 
lb. mole combustible gases 
This 4,65 lb. moles of air includes 0.976 lb. moles of 
o2 and 3,674 lb. moles of other gaseous air constituonts. 
At one atmosphere pressure and a maximum nir tempe11 ature 
or 560°R (100°F), the volume of air required (V) is ••• 
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ft.3 atm 
V = nRT =~lb. mole (0•73 lb. mole 0 n) (560°R) 
p 1 atm 
= 1910 ft.3 air@ l00°F, 1 atm lb. mole combustible gases 
From th~ above table, the combustible gases nre about 
87,5% of the total volume. Therefore the actual air 
volume requirnd (Va) is .•• 
3 
V = 1910 ft. ( O S C) = 
a lb. mole · 7J 1668 ft.3@ l00°F, 1 Rtm lb. mole total gas stream 
Air feed to recycle gas combustion system: 
The normal recycle gas flow (Mrn) is •.. 
~n = 9350 cfm@ 550°c, 1 atm 
M is equivalent to ••• rn 
9350 cfm (J. atm) 
_( _0 _7_3~-f-t--. -=-3-a~t--m-)--'-(-l/-1 7_9_0_11_) -· 8 • 6 7 J. b . m~i ~ ~ r n c ye 1 fl gas 
• lb. mole 0 R t 
Therefore, the normal air feed rate (Fan) will be ... 
lb 1 1 g~s 1668 ft.3 nir Fan= 8.67 · mo : 1~~cyc e ...i.;.;;..::. lb, mole recycle gas 
= 14,480 cfm air@ l00°F, 1 atm 
The design recycle gns flow 
Mrd = ·11,210 cfm@ 55o 0 c, 1 
Mrd i. s equivalent to .•• 
11,210 cfm (1 atm) 
(0.73 ft. 3 n tm) ( 14_790R) lb. mole 0 R 
(Mra) j_ s ... 
atm 
= 10.39 ~oles recycle gns 
min. 
Therefore, the design air feed rate (Fad) will be ••• 
lb . mole re eye le gas (-__..::;l;;...6_6_8_f_t~. 3_A_i_r_ 
= l0.39 . min. · lb. mole recycle gas) 
0 
= 17,300 cfm air@ 100 F, 1 atm 
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Air feed to waste gas combustion system: 
The normal waste gas flow (Mwn) is ••• 
0 Mwn = 28,200 cfm@ 550 C, 1 atm. 
Mwn is equivalent to ••• 
28,200 cfm (1 atm) = 
( ft .3 a tm ) ( 4 0 ) 0.73 lb. moleoR 1 79 R 
26.15 lb. mole waste gas 
min. 
Therefore, the normal air feed rate (Fwan) to the waste 
gas combustion chamber will bo ••• 
Fwan = 26.l5 lb. mol~ waste gas ( 1668 ft.3 air) 
min. lb. mole waste gas 
= 43,500 cfm air@ l00°F, 1 atm 
The design waste gas flow (~d) is ••• 
0 Mw<l = 45,200 cfm@ 550 C, 1 atm. 
Mwd is equivalent to ••• 
45,200 cfm (1 atm) = 41.9 lb. moles waste r.;ns (0,73 ft.J atm) (14790R) min. lb. mole 0R 
Therefore, the design air feed rate (Fwad) to the waste 
gas combustion chamber will be ••• 
= 41 •9 lb. mole~ waste gas (1668 ft.3 air ) min. lb. mole waste gas 
= 69,800 cfm air@ l00°F, 1 atm 
4.553 Equipment Specifications 
This section presents each major piece of equipment 
required for the proposed pyrolytic refuse disposal gas hand-
ling system. The function, duty, and suggested type of ench 
piece of equipment is discussed and additional pertinent in-
formation is included. The numbers in parentheses after each 
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item title refer to the particular equipment location on 
Figure 48, the equipment location diagram. 
I. Radiation-convection gas cooling duct (#1) 
Previously designed in section 4.54. 
II. Product gas exhaust fan (#2) 
(Auxiliary unit may be necessary for emergencies) 
Function: This fan handles the transfer of gases from 
~he· pyrolytic converter, throueh the radi a ti on-convec-
ti on cooling duct, and into the product gas compressor. 
This fan must be capable of negating the drop in pres-
sure through the 439 ft. cooling duct and of deliver-
ing the (cooled) gas volume to the compressor at n 
feasible pressure. 
Duty: Input: normal: 37,550 cfm@ 1 atm, 550°c 
design: 45,200 cfm@ 1 atm, 550°c 
Suggested type: A steel plate exhauster is suggested 
(one gas inlet) with radial blades, full housing, bot-
tom horizontal discharge, and direct drive. The 
straight radial blades will prevent the build-up of 
entrained solids on the blades over extended periods. 
For high temperature operation, water-cooled 
bearing, a shaft cooler, or a heat gap may be re-
quired. A shaft cooler is a separate, small, centrif-
ugal fan mounted so as to circulate cool air over the 
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fan bearing and shaft. A heat gap is a space of 1~ 
to 2 inches between the bearing pedestal and fan 
housing, which reduces heat transfer to the bearings 
by conduction. 
A variable speed drive motor will be required to 
handle gas flow fluctuations. 
Material of construction: For temperatures above l000°F, 
stainless steel will be required. 
Specific nomenclature: Buffalo Planoidal Steel Plate 
Exhauster (Type L). 
Additional information: 
Total fan operating pressure (o.p.): static pressure 
(s,p.) is approximately equal to the pressure drop 
through the radiation-convection cooling duct, i.e., 
s.p. = 4.26 in. of H2o. For this pressure and fan 
type, 
o.p. = 1.26 (s.p.) = 1.26 (4.26 in. of H20) 
= 5.36 in. of H20 = 0,194 psi 
Fan size and rated capacity for 4~ in. s.p.: 
source: (101) = size 110 
r.c. = rated capacity= 46,650 cfm 
n.o.c. = normal operating capacity 
= 37,500 cfm = 80% rated capacity 
d.o.c. = design operating capacity 
= 45,200 cfm = 92°/o rated capacity 
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Horsepower (H.P.) requirement: 
(H.P~ is inversely proportional to temperature) 
H.P.@ r.c. @ 70°F = 91.0 
H.P.@ n.o.c.@ 70°F = 79.6 
o ( $30°R) H.P.@ n.o.c.@ 1020 F = 79.6 
14796
 
= 28.5 
o $30°R H.P.@ d.o.c.@ 1020 F = 86,4 (
14790R) 
= 31.0 (max. requirement) 
Fan rpm (approximate): 
(rpm is inversely proportional to capacity) 
rpm@ r.c. = 573 
rpm@ n.o.c. = 713 
rpm@ d.o.c. = 591 
Major dimensions: see Figure 49. 
III. Auxiliary draft-initiating exhaust fan (#10) 
Function: This fan should be required only on start-
ups or during times of low gas volume production. It 
is required on startup of a cold system to draw hot 
gases through the converter piping and to initiate a 
draft out of the exhaust stack. After flow has been 
initiated, valves would be adjusted to bypass this 
unit. 
Duty: Estimate total volume of recycle gas combustion 
chamber (#9} and volume of all ductwork between it and 
the fan. 
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Volume of combustion chamber= 2377 cu. ft. 
Ductwork: 
4 ft. diameter initial pass through center of con-
verter (area= 12.6 cu. ft.) 
Length of 4 ft. duct ;; 60 ft. 
Volume of 4 ft. duct ;; 756 cu. ft. 
Return passages of equivalent duct diameter of 5 ft. 
(area= 19.6 sq. ft.) 
Length of equivalent 5 ft. duct = 60 ft. 
Volume of equivalent 5 ft. duct = 1,176 cu. ft. 
Total gas volume to be evacuated= 4,309 cu. ft. This 
volume is initially at low temperature (about J00°F is 
estimated), This fan should be capable of evacuating 
this volume in about five minutes. 
_ 4,309 cu. ft.= 862 cfm@ o input to fan - 5 min. JOO F, 1 atm 
Suggested type: A steel plate exhauster is suggested 
(one gas inlet) with radial blades, full housing, and 
bottom horizontal discharge; direct-driven with con-
stant speed driving motor. 
Materials of construction: Stainless steel will be 
required for possible temporary high temperature. 
Specific nomenclature: Buffalo Planoidal Steel Plate 
Exhauster 
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Additional information: Fan static pressure must be 
related to the high pressure drop through the complex 
ductwork of the pyrolytic converter gas system (in-
cludes many couplings, bends, reducers, etc.). Choose 
highest available static pressure (s.p.) for design. 
source: ( 101) 
s.p. • 6 in. H20 
Fan sj_ze and rated capacity for 6 in. s .p.: 
source: (101) - size 30 
r. c. = rated capacity= 4030 cfm 
n.o.c. = normal operating capacity 
= 3586 cfm • 89.1% rated capacity 
Horsepower (H.P.) requirements: 
(H.P. is inversely proportional to temperature) 
H.P.@ r.c. 
H.P, @ n.o.c. @ 70°F = 9,3 
H.P. @ n.o.c. @ 300°F = 9.3 ( 530°n) 
760°R 
= 6.5 
Fan rpm (approximate): 
(rpm is inversely proportional to capacity) 
rpm@ r.c. 
rpm@ n.o.c, = 2725 
Major dimensions: See Figure 49, 
IV. Waste gas burners (#5) 
A total of 60 burners is estimated to be sufficient. 
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Function: These burners are used to dispose of all 
product gas not recycled for heating purposes. Ade-
quate mixing of the hot gases with the air is re-
quired to permit complete combustion of the gases in 
order that only water and carbon dioxide will be emitted 
to the atmosphere. 
Duty: 
Input: dependent on pressure drop through burners 
(see below) 
Gas input pressure= 16 psig = 31 psia 
maximum volume flow Maximum gas input per burner= # of burners 
= 45,200 cfm@ 1 atm, 550°c x 15 psia 
60 burners 31 psia 
= 364 cfm@ 31 psia, 550°c 
Air input pressure (assumed) = 90 psia 
maximum volume flow Maximum air input per burner= # of burners 
= 69,800 cfm @ 1 atm, l00°F x 15 psia 
60 burners 90 psia 
= 194 cfm@ 90 psia, l00°F 
Suggested type: A nozzle-mixine burner is suggested, 
in which type gas and combustion air do not mix until 
they leave the port of the burner. The two fluids 
are kept separated within the burner itself, but noz-
zle orifices are designed to permit rapid mixing as 
they leave. 
·! 
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The advantages of nozzle-mixing burners are: one, 
greater turndown (the ratio of maximum to minimum input 
rates) is possible without flashback (the movement of 
a fl:!3-me front back through the burner nozzle when the 
velocity of the air-gas flow becomes too small); and 
two, lower pressure blowers may be used because com .. 
bustion air energy is not expended in premixing. 
External regulators or proportioning valves are neces-
sary to proportion the gas and air flows. 
Material of construction: Standard gas burner materials 
may be used. 
Additional information: 
Estimate pressure drop through burner gas ports. 
source: ( 124) 
where Qd = discharge in scf/hour (scfh) 
Ad= discharge area in sq. in. 
P = gauge pressure in psi 
G = gas specific gravity 
= design input volume at atmospheric pressure 
II burners 
= 4,5,200 cfm = 
60 burners 
cfm 753,3 burne 
= h5,198 ft.3 @ @ 550°c, 1 atm 
hr.-burner 
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For this same Qa, at normal operation loads: 
Mwn = 28,200 cfm@ 550°c, 1 atm (from section 4.552) 
Therefore, for normal operation, the number of burners 
required (nb) is ••. 
_·28,200 cfm 
nb - 753. 3 cfm = 38 burners in simultaneous operation 
burner 
Individual burner shutdown ability is recommended 
Db = burner 
A=,rDt2= 
4 
inside diameter= 0.75 in. (approx.) 
G 
p 
'[ ( 0 • 7 5 in . ) 2 = 
4 0.442 sq. in. 
= o.65 (assuming air properties) 
Q~G (1.59 X 104) 2 (0.65) 
= (5.27 X 107)Ad2 (5.27 X 107) (0.442) 2 
= 16.01 psi 
This pressure represents the design output pressure from 
the product gas compressor (#3). 
Major dimensions: See Figure 50. 
V. Recycle gas burners (#8) 
A total of 15 burners will be required (see below) 
Function: These bur~ers are used to burn the recycle 
gas from which the pyrolytic converter is heated. As 
for the waste gas burners, adequate mixing of air and 
gas is required. 
Duty: Input: 
Gas input pressure= 31 psia (as above) 
Maximum total gas input volume= 11,210 cfm@ 15 psia, 
248 550°c 
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# burners required as compared to# required for 
waste gas combustion (60 waste gas burners are 
required): 
If required = 60 x 11 , 210 = 15 burners 
45,200 
Air input pressure= 90 psia (assumed). 
Maximum air input volume/burner = maximum vol mne · flnw fl of burners 
= 17,300 cfm@ 1 atm, l00°F x 15 psia 
15 90 psia 
= 191 cfm@ 90 psia, l00°F 
Suggested type: Same as for waste gaa burners. 
Material of construction: Standard gas burner materials 
may be used. 
Major dimensions: See Figure SO, 
VI. Product gas compressor (//3) 
(Auxiliary unit may be necessary for emergencies.) 
Function: Gases from the pyrolytic converter, after 
being cooled, Rre at a relatively low pressure when 
exiting the product gas exhaust fan (#2), In order 
to allow this gas atream to pass through the remain-
der of the system, the pressure of the stream must be 
increased. 
Duty: 
Input: (ignoring increaso in pressure through 
fan //2) 
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Normal input= 37,550 cfm@ 1 atm, 550°c 
Output: pressure must be sufficient to overcome 
pressure drop through gas burners. 
output pressure = 31 psia 
Output volume= 37,550 cfm x 12 Esia 31 psia 
= 18, 150 cfm @ 31 psi a, 550°c 
Suggested type: Multistage centrifugal compressors 
(turboblowers) are capable of handling this volume 
and of providing the required pressure increase. Axial 
flow compressors of the same capacity are of comparable 
cost but may promote deposition of entrained particles. 
Centrifugal compressors are essentially constant 
pressure, variable volume machines. The drive motor 
must therefore be variable speed in order to mnintain 
constant volume flow. 
Materials of construction: Suitable materials for 
operation at inlet temperature of 550°c are required. 
(Air-cooling or water-cooling of unit may be necessary.) 
Waste gas combustion air compressor (#4) 
(Auxiliary unit may be necessary for emergencies.) 
Function: This compressor provides compressed air 
(to result in efficient mixing with waste gases) to 
the waste gas burners. 
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Duty: 
Input: normal: 43,500 cfm@ 15 psia, l00°F 
design: 69,800 cfm@ 15 psia, 100°F 
Output: (Assume output pressure of 90 psia is suf-
ficient for efficient burner operation.) 
Output volumes (@ 90 psia, 100°F) 
normal: 43,500 X 15 :esia = 7,250 cfm 90 psia 
design: 69,800 X 12 Esia = 11,666 cfm 90 psia 
Suggested type: Centrifugal compressor (turboblower) 
similar to f/3. The waste gas combustion air compressor 
(#l.+) will be handling a larger volume of air than the 
product gas compressor (#3). As a result, it will have 
to be larger (i.e., require more stages), and/or oper-
ate at a higher rpm than compressor f/'3. The basic type 
and relative dimensions, however, will be the same for 
each compressor. 
Materials of construction: Standard compressor mate-
rials for operating at normal atmospheric temperatures 
may be used. 
VIII. Recycle gas combustion air compressor (#7) 
(Auxiliary unit may be necessary for emergencies.) 
Function: Same as for the waste gas combustion air 
compressor, but providing combustion air for the burn-
:img of recycle gases for heating the converter, 
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Duty: 
Input: normal: 14,480 cfm@ 1 atm, 100°F 
design: 17,300 cfm@ 1 atm, 100°F 
Output: (Assume output pressure of 90 psia is 
ficient for burner operation.) 
Output volumes@ 90 psia, l00°F 
normal: 14,480 x 15 psia = 90 psia 2,413 cfm 
design: 17 300 12 psia = 2,883 cfm 
' x ·c.;o psia 
suf-
Suggested type: A centrifugal compressor (turboblower) 
is required which will be very similar to tho waste gas 
combustion air compressor (#4). However, this com-
pressor's normal operatine; capacity will be only about 
30~ of compressor #4. As a result, this compressor will 
be smaller (i.e., require less stages), and/or operate 
at a lower rpm than the waste gas combustion air com-
pressor. The basic type and relative dimensions will, 
however, be the same for each compressor. 
Materials of construction: Standard compressor mate-
rials for operating at normal atmospheric temperatures 
may be used. 
Recycle gas combustion chamber (#9) 
Function: The function of this unit is to limit the 
loss of heat of combustion to the atmosphere and to 
provide adequate residence time for complete burning 
of the gases at high temperature. 
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Duty: Maximum gas volume exiting recycle gas burners: 
Total gas entering burners (max.) = 11,210 cfm 
@ 1 atm, 550°c 
Total air entering burners (max,) = 17,300 cfm 
@ 1 atm, 100°F (38°c) 
Combustion equation with 20% excess air: 
0,593 H2 + 0,208 CO+ 0,145 CH4 + O.OS4 C2H4 
+ 3,67 air+ 0,98 o2 = 0,461 CO2 + 0,991 H2o 
+ 3,67 air (non-combustibles) + 0,163 o2 
= 0.937 
T = weighted average entering temperature 
avg 
= 11,210 cfm (SSOoC) + 17,300 cfm (38oc) 28,510 cfm 28,510 cfm 
= 239°c = s12°K = 921°R 
Approximate exit volume (Ve) at T is ••• avg 
Ve= 28,510 cfm (0.937) = 26,700 cfm@ 1 atm 
Consideration of the spontaneous ignition points 
and adiabatic flame temperatures of individual 
components led to an estimation of about 2000°F 
(a temperature above the spontaneous ignition 
points of all individual gas components) for the 
temperature of the recycle gas combustion chamber 
(#9), and also that of the waste gas combustion 
chamber ( #·6) , 
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Approximate exit volume at estimated combustion 
chamber temperature (Vet) is ••• 
= 26,700 cfm (2460 0R) = 
921 °R 
2000 OF 
71,300 cfm@ 1 atm, 
A residence time of two seconds should be adequate for 
complete combustion of gases. 
Volume of combustion chamber (Ve) is approximately ••• 
V bl,300 cf~ x 2 sec = 2377 ft c = 0 sec,/m1n. • cu. • 
Materials of construction: The materials selected must 
withstand temperatures of up to (and possibly above) 
2000°F. The cheapest alternative ~ay be to construct 
the entire structure from insulating firebrick. 
Major dimensions: The structure will contain 1S burners 
(three rows of five), 
Approximate length= 2S ft. 
Approximate width= 1S rt. 
Approximate height= ~~2~3~7~7~c_u~._f_t_.~ (25 ft.) (15 ft.) 
= 6.32 ft. 
Additional information: The walls should be thick 
enough (or insulated) to minimize heat losses. For 
safety considerations, high outside wall temperatures 
should be avoided. 
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x. Waste gas combustion chamber (#6) 
Function: The function of this unit is to limit the 
loss of heat of combustion to the atmosphere and to 
provide adequate residence time at high temperature for 
the complete combustion of pyrolytic waste gases. 
Duty: Maxinrum gas volume exiting waste gas burners: 
Design capacity= 45,200 cfm@ 1 atm, 550°c 
Maximum air entering burners= 69, 800 cfm@ 1 atm, 
l00°F. 
Weighted average entering temp. (Tavg as above) -
921°R = 239°C 
Total volume= 115,000 cfm 
Approximate exit volume at T (Vew) is ••• avg 
Vew = 115,000 cfm (0.937) = 107,800 cfm @ 1 atm 
As above, for 2000°F combustion chamber temperature, 
the approximate exit volume at the estimated waste 
gas combustion chamber temperature (Vt) is ••• e w 
2460°R Vetw = 107,800 cfm ( 9210R) = 288,000 cfm @ 1 atm, 
2000°F 
A (minimum) residence time of two seconds is again 
considered to be adequate for complete combustion. 
Volume of waste gas combustion chamber (V cw) is ••• 
V = 288,000 cfm (2 sec.) = 9,600 cu. ft. 
cw 60 sec./min. 
Materials of construction: As above, insulating fire-
brick should be effective. 
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Major dimensions: The structure will contain 60 
burners (four rows of fifteen) • 
Approximate length= 75 ft, 
Approximate width = 20 ft, 
A 1 t h i ght 9600 cu. ft . pprox ma·e e = (75 ft.) (20 ft.) = 6.4 ft, 
Additional information: The walls should be thick 
enough (or insulated) to minimize heat losses. For 
safety considerations, high outside wall temperatures 
should be avoided, 
Auxiliary pressurized natural gas supply (1/11) 
Function: Thi.s unit is used to supply fuel which will 
be used during startup operations, or during periods 
when gas production is below the anticipated capacity 
(or when gas heating value is not es high as expected), 
to maintain burning of the gases in the combust1.on 
chamber. 
Duty: Output from this supply should be suff'iclent to 
carry the operation through the startup phase and Also 
to provide about 15% of that amount for interml ttent 
make-up usage. 
Startup requirements: Allow for 2 hours operation 
with natural gas alono. '!'his should be sufficient to 
allow the heating up of the converter interior, RBS 
ducts, other equipment, and the refuse itself, After 
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two hours operation, production of gases by the refuse 
should be rapid enough to sustain the operation, Dur-
ing the initial two hours, the converter product gas 
ahoulq be blended gradually with the natural gas feed, 
phasing the natural gas supply out of the operation. 
For two hours, natural gas heat should be approx-
imately equal to 2,000,000 Btu/ton refuse, 
natural gas Btu 1 s available for startup 
= ( 2 x 106 Btu) ( 500 tons) ( 2 hrs.) = 2 x 10 9 Btu 
ton 'fir-:-
total natural gas supply for startup and make-up usage 
= 1.15 x 2 x 109 Btu= 2,3 x 109 Btu 
net heat content of Oil City natural gas= 1,120 Btu/scf 
scf natural gas 
source: ( 117) 
required= 2.3 x 109 Btu 
1,120 Btu/scf 
= 2.05 x 106 scf 
Suggested type of tank: The natural gas is required at 
a burner operating pressure of 31 psia. This pressure 
can be obtained through installation of a throttling 
valve. The gas will be stored in a vertical cyl1n-
drical tank in which the pressure will be 50 atm. 
This tank will be periodically recharged with high 
pressure natural gas, 
Material of construction: Standard high pressurB steel 
tank materials. 
257 
J 
l /I 
! 
,. 
! 
, I 
! 
'1 
; 
I 
i, 
,:I 
,. 
" 
1:1 
/! 
--~-··-···· '-----·' •-"~-···-···-'··-··-··· ·. ···-·1 ...... ·1~--·---'-- .. 
\ 
·I 
Major dimensions: 
Volume ·or tank (VT) at 50 atm: 
VT= 2.05 x 106 scf x ~oa!~m = 4.10 x 104 cu. ft. 
d = tank diameter= 40 ft. 
tank height= VT 4.1 x 104 cu. ft. 
,rd2 11'(L~O ft.) 2 
T 4 
= 32.7 ft. 
Summary 
The economic and technical feasibility of a pyrolytic 
municipal solid waste disposal facility was investigated. On 
the basis of equality of environmental pollution levels, the 
fixed-capital investment of a 10 ton/hr. pyrolytic disposal 
facility was found to be approximately one million dollars, 
much less than an incinerator of similar capacity. This 
marked decrease in fixed-capital cost is mainly due to the 
lack of need for pollution abatement equipment in the pyro-
lytic operation. Due to a lack of sufficient incinerator 
cost data, a more specific quantitative comparison was not 
possible. 
Revenue from a pyrolytic disposal facility is possible 
through the sale of steam-generated electrical energy and the 
sale of the pyrolytic decomposition by-products. These by-
products include tars, pyroligneous acids, various gaseous 
hydrocarbons and charcoal. Also metals (in particular ferrous 
metals), which pass through the pyrolytic disposal facility 
chemically unchanged, ~ay be separated from the solid waste 
residue and sold to scrap dealers. 
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The detailed design of a 500 ton/day pyrolytic munici-
pal refuse disposal facility was performed. A facility of 
this capacity could easily process the municipal solid wastes 
generated by the cities of Allentown and Bethlehem, Pennsyl-
vania, as well as their small out-lying communities. 
The major materials processing unit of the proposed, 
waste dispoaal system is the converter which pyrolytically 
decomposes the solid refuse. The grinder, also a materials 
processing unit, is important to a lesser extent. The re-
maining components of the system, the magnetic separntor, 
refuse storage silos, conveyors, and solid residue storage 
bin, serve as solid materials handling equipment, while the 
cooling duct, compressors, combustio~ chambers, etc., serve 
to transport and process the gaseous materials. 
A cylindrical, rotating pyrolytic converter of 60 foot 
length and eight foot inside diameter was designed; a two-pass 
internal gas flow arrangement was utilized in order to effici-
ently heat the solid refuse. Approximately 25% of the con-
verter product gas is recycled as fuel for converter heat pur-
poses. 
Solid refuse storage facilities consist of two 30 foot 
diameter by 64 foot high cylindrical silos. These silos are 
each capable of storing 25,000 cubic feet of shredder refuse. 
Extensive design of the gas handling system was per-
formed. Inclusion of a l~39 foot length, five foot diameter 
cooling duct was necessary due to the high temperature nnd 
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volume of the converter product gases. In addition, the 
waste and recycle burners, combustion chambers and associa-
ted fans and compressors were specified. 
During the course of the design, no insurmountable 
technical problems were encountered. The only unit not of 
conventional design is the pyrolytic converter itself. Al+ 
other components of the system are presently available through 
various manufacturers in their basic construction. Custom 
design and engineering may be required, however, to adapt 
these units to our particular specifications. 
Custom design of the pyrolytic converter will be nee-
essary. Although the converter is similar in design to an 
indirect-heat continuous rotary dryer, custom design and 
fabrication are warranted due to the high temperatures, 
nature of feed material and the refuse input and discharge 
arrangements. 
It is the conclusion of this project group that a 
pyrolytic municipal solid waste disposal facility presents 
both economic and technical advantages over a similar sized 
incinerator. More specifically, a less expensive disposal 
of municipal solid wastes as well as a reduction in environ-
mental pollution can be accomplished by use of the pyrolytic 
process, Additionally, a pyrolytic system can be a revenue 
source through the sale of by-products and/or the sale of 
steam-generated electrical energy, Due to these factors, 
further investigation into this aroa is indeed warranted. 
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5. PORTABLE JUNK AUTOMOBILE SHREDDER-SEPARATOR 
5.1 Abstract 
A protable junk automobile shredder-separator facility 
was investigated. Existing fixed-foundation shredder-separa-
tors were studied in order to determine the operational capa-
. 
bilities of these units as well as the associated economics of 
the scrap metal industry. Due to their location, a large num-
ber of junk automobiles are unable to be processed by existi~g 
fixed-foundation shredder-separators located in distant metro-
politan areas; thus, a portable shredder-separator has been 
designed. 
Mounted on three railroad cars, the proposed design 
offers the mobility required to relocate the process as the 
market supply of junk automobiles varies. This concept re-
sults in reduced overland junk auto hauling costs and de-
creases a source of pollution by recycling the scrap product 
to steel mills at a revenue of $45 per ton of ferrous metal. 
As proposed, three separate operations, each located 
on an individual railroad car, are required to process the 
junk autos into marketable scrap. These operations include 
shearing the auto bodies, shredding the resulting large scrap 
pieces, and magnetic separation of the ferrous from the non-
ferrous materials. Operating capacity is designed for 160 
junk autos per eight-hour working day, resulting in a daily 
net profit of $304~ A construction cost of approximately one 
million dollars is estimated. 
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5.2 
5.21 
Introduction 
Pro.1ect Group 
A portable automobile shredder-separator was investi-
gated by a three-member project group over the course of one 
semester, The undergraduate students participating in this 
study were: William L, Stockdale, senior year in metallurgical 
engineering, and Kurt B. Augenblick and Gary G. Sheesley, mech-
anical engineering seniors. 
5.22 General BackgroUI}~ 
The junked automobile is the largest single source of 
solid waste in America today. Appr·oximately six million auto-
mobiles are removed from the highways each year. The present 
method of disposal is to store the automobile bodies in junk-
yards from which reusable parts may be salvaged, if needed • 
Unfortunately, all too often during this period prior to 
final disposal, these junkyards are usually left unenclosed 
and prove to be quite unsightly. 
One method of final disposal which has been considered 
is ocean dumping of junk automobiles at harbor sites for the 
construction of breakwaters. This method is a solution to 
the disposal problem only when the cost of transporting the 
junk automobiles to the site is low enough to prove economi-
cally feasible. 
The predominant method of disposal has been to recycle 
the junk automobiles as scrap for use in the steel-making 
process, In order to make usable scrap from junked autos, 
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certain impurities must be removed so that the final compo-
sition of the steel produced is within the desired specifica-
tions. Since the final properties of the steel produced can 
be affected b.y impurities present, it is impo:;."tant to remove 
as much non-ferrous material from the scrap as possible. 
The percentage of copper present in the scrap, origin-
ating mostly from the automobile's wiring system, is of utmost 
importance since copper cannot be removed from the steel after 
the melting process. Copper, which has been dissolved in 
steel, will severely reduce the ductility of the product lead-
ing to premature brittle failures. The maximum allowable per-
centage of copper in most steels is 0.3S% by weight which in-
dicates that most of the automobile wiring must be removed 
from the scrap prior to melting. 
,• 
Among other impurities whlch must be removed are: lead 
(0.3.5% maximum allowable) from batteries, chromium and nickel 
(0.20% and 0.25% maximum allowable respectively) from plated 
bumpers, aluminum (0.10% maximum allowA.ble) from small cast 
parts, and other trace elements such as phosphorus, silicon, 
sulfur, tin and antimony. The removal of coatings, such as 
paint and tin plating, is also of importance since other 
metallic impurities may enter the melt from these sources. 
The non-metallic materials, most of which can easily 
be removed from the melt, need not be removed from the scrap 
to the. critical extent of the metallic materials. However, 
·, 
non-metallic material in a junk automobile averages close to 
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one-half ton per ton of metallic material; thus, the non-
metallics must be removed due to their large volume. 
Previously, the method of making good steel scrap from 
junk automobiles was to first strip off the radiator, engine 
block, tires and wheels and then ignite the remaining automo-
bile body. After burning, the copper wiring could easily pe 
removed, and the auto, most of the impurities having been 
burned off, could be compressed and sold as scrap of a high 
quality. This method has since become obsolete with the in-
troduction of new burning ordinances which allow no open fires. 
The problem, then, becomes one of how to successfully make 
usable steel scrap from junk automobiles. 
One method that has worked with limited success is 
simply compaction without burning. However the final product, 
No. 2 bundles as they are called, contain too great an amount 
of various impurities to be usable for steel making. In addi-
tion, scrap in this bundled form has a tendency to cause 
breakage of electrodes in the electric furnace to which it 
is charged. One alternative is to use No. 2 bundles as build-
ing blocks when coated with concrete; however, this practice 
has also met with limited success. 
A process of shredding and separating has developed 
within recent years as an alternate solution. Quite simply, 
this process involves the tearing of a junk automobile into 
fist-sized pieces which can be magnetically separated from 
the impurities to produce a usable ferrous scrap. At the 
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present time there are approximately 50 such shredders in 
operation throughout the United States, and the number ap-
pears to be growing, indicating the success of the process. 
In order to consider the economics of these processes, 
the value of the resulting scrap from automobile bodies is 
based upon impurity content and also upon the density of the 
product if the scrap is to be marketed to the steel industry. 
The auto bodies themselves sell for between $15 to $20 per 
ton with the radiators, engine blocks, and tires removed. 
These stripped auto bodies have a very low density, making 
them expensive to ship as well as difficult to charge into 
a furnace. Also, in this condition the impurity content is 
far too high for the bodies to be of any value. After com-
paction into No. 2 bundles, the scrap is valued at $30 per ton 
since it has a moderate density of 70 pounds per cubic foot, 
yet still a high impurity content. Although the steel industry 
can use some of these No. 2 bundles, the demand is too low to 
yield the process economical. 
Shredding of junk automobiles, follwed by separation of 
the impurities, increases the scrap value to about $45 per 
ton. This scrap has an excellent density of 80 pounds per 
cubic foot and a very low impurity content. On the average 
this scrap contains 0.15-0.20% copper, and since it is 
shredded it is an excellent electric furnace charge due to 
reduction of electrode breakages. At present many steel com-
panies (i.e., Lukens and Bethlehem) are purchasing this scrap. 
265 
I' 
11 ! ': 
r 
r· 
· 1; . 
,I ; 
I / 
II .; . ' . . ' I 
·s : ,~ 
'11' 
. - ·--·-,,·······--
--· ···----~---
~\ 
~ 
I 
-
' 
-I 
'5 
' 
-
' 
' ~ 
' 
Another economic advantage of shredded scrap is that it yields 
an additional $1.25 per ton of chargeable scrap material in 
recoverable non-ferrous metallics. 
The above figures indicate that shredded scrap metal, 
acquired from junk automobiles, has the greatest value on the 
scrap metal market. Thus, the shredding and separation protess 
promises the most potential as a solution to the junk automo-
bile disposel problem. 
I Description of F:xisting Junk Automobile Shredder-
Separator Facility 
ERch of the fifty odd shredder-separator type automo-
bile disposal units presently in operation in the United States 
are mounted on permanent foundations. These units, costing 
from $1.5 to $4 million each, range in capacity from 100,000 
to 400,000 cars per year. The length of time for construction 
of one of the larger facilities, such as the Pollock-Abrams 
plant in Philadelphia, Pennsylvania, is approximately one year. 
Depending on the size of scr·ap desired, from twenty 
seconds to two minutes is required to completely shred a junk 
automobile. A shredding time of twenty seconds will yield 
fist-sized scrap while marble:-sized scrap may be acquired in 
two minutes. The marble-sized scrap, although requiring more 
time to produce, has a higher density and is thus more valu-
able than the larger fist-sized material, 
The shredding unit requires about five hours of heavy 
maintenance per week, including such items as welding, and 
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replacing hammers and other worn parts. In addition, about 
one and one-half hours per day are required for cleaning and 
other light maintenance. 
A shredder-separator operation is typically an in-line 
type process; the junk automobiles enter one end of the line, 
undergo a series of separate operations, and exit the opposite 
end as the scrap product. The first step in the overall pro-
cess is the unloading of the junk automobiles from delivery 
trucks by use of a pedestal crane. The crane places the cars 
on a moving conveyor belt which leads to the mouth of the 
shredding unit. This unit consists of a hamrnermill powered 
by a 1500-6000 horsepower electric motor. The Pollock-Abrams 
plant in Philadelphia uses 24 manganese steel hammers which 
weigh approximately 300 pounds each, and rotate at about 600 
revolutions per minute. An electric transformer bank is 
necessary to supply the power for the motor. 
The size of the shredded scrap is controlled by grates 
located beneath the hammermill. As the material is shredded 
it becomes small enough to drop through the grate openings 
and exit the shredding area. Until the grate size (or smaller) 
is obtained, the scrap is continuously pulverized by the ham-
mermill. 
The dust produced by the hammermill is trapped by an 
electrostati.c precipitator. In the larger plants more than 
one precipitator may be required. 
Scrap falling through the grate from the shredding area 
is carried by a shaker plate to a magnetic drwn which separates 
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ferrous and non-ferrous materials. The non-ferrous metals 
account for about 15% of the total metal weight and must be 
separated by hand from the other non-magnetic materials. 
Thus, as a result of this process, a junk automobile yields 
three products; the usable ferrous metal scrap, the usable 
non-ferrous metal scrap, and the worthless non-metallic waste 
products. 
5.1+ 
5.41 
Proposed Portable Junk Automo0ile Shredder-Separator 
Discussion of Proposal 
Shredder-separators, as they now exist, play an imper-
tant part in the disposal of junk automobiles. However one 
of the major limitations of these units now in use is the fact 
that they must be located in very large metropolitan areas in 
order to maintain a sufficient supply of junk autos on hand 
at all times. When a shredder-separator unit is built, there 
is initially a surplus of junk automobiles in the area. After 
the unit has been in operation for some time however, the 
junk automobile supply dwindles. Thus it becomes necessary 
to transport junk automobiles from farther out-lying areas. 
At the Pollock-Abrams plant, 50% of the junk autos 
come from the Philadelphia area. The remaining 50fo are ac-
quired from surrounding areas as far away as Washington, D.C. 
Applicable shipping costs average 7.3¢ per ton-mile for trucks 
and 2.43¢ per ton-mile for railroad shipping. This added trans-
portation cost is ultimately transmitted to the scrap buyer. 
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Eventually, as the area supply of junk automobiles 
dwindles even further, the stationary shredder-separator fa-
cility may become uneconomical to operate for a period of 
time. In ad~ition, the cost of disposing of automobiles in 
small rural communities, by use of a shredder-separator, will 
be prohibitive due to the large transportation costs. 
We therefore proposed that a portable shredder-separator 
unit would be a better solution to the problem of junk automo-
bile disposal. The inherent mobility of such a system would 
permit relocation when the supply of junk automobiles in any 
specific area was exhausted. Such a unit could process the 
junk auto surpluses in small communities which are presently 
overlooked by the stationary facilities located in large 
metropolitan areas. Additionally, the high cost of shipping 
junk autos overland would be considerably reduced. 
Initially we decided to mount the portable shredder-
separator unit on a series of railroad cars for three reasons. 
First, due to the heavy nature and duty requirements of the 
various components of the system, a substantially strong base 
is needed to support this operation. Conventional truck chassis 
could not support a load of this magnitude and still remain 
easily portable. However, although a railroad-car-mounted 
shredder-separator does not have a permanent foundation, the 
railroad track bed is built to withstand very large loads nnd 
thus would in effect be very similar to the base strength a 
permanent foundation provides. Secondly, railroads provide 
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mobility and easy access to all areas of the country, both 
rural and metropolitan. Lastly, all steel companies have 
direct connection with the railroad system and thus the need 
for additional truck or water transportation of the ferrous 
scrap to the mills is eliminated. 
We propose to mount the shredder-separator facility, 
on three separate railroad cars, so that the weight and vibra-
tional loads of the various operations are distributed some-
what evenly. On car number one, the shearing car, is mounted 
a hydraulically operated shear which slices each scrap auto 
body into approximately ten pieces. These large pieces are 
transported by conveyor to the second railroad car, the shred-
der car, upon which is mounted a hammermill which serves to 
shred the large scrap pieces into much smaller pieces. In 
addition, a diesel engine in mounted upon the shredder car 
to serve as the source of power for the shredding operation. 
From the shredder car the scrap pieces are conveyed to the 
third railroad car, the separator car. The separator car 
serves to sort the small scrap pieces into ferrous and non-
ferrous categories by means of an electro-magnetic apparatus. 
The above three railroad cars will require custom 
engineering and building. Purchase of a railroad crane car 
is also recommended in order to place the junk auto bodies 
on the shearing car input conveyor. 
Section 5.42, to follow, describes in more detail the 
functions, operations, and dimensions of each railroad car. 
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The major calculations performed during the course of this 
study are shown in section 5.5 followed by an economic study 
in section 5.6. Finally, section 5,7 presents a surrnnary of 
the major results of our work. 
Description of Portable Unit 
We propose to operate our facility by using the con¥en-
tionally squashed automobile bodies which could be prepared in 
advance by a crew of men working in the automobile junkyards . 
These auto bodies could then be brought to the railroad loca-
tion where we have established operations. The cost of pur-
chasing these auto bodies has been estimated at $20 each, 
which is the current market rate. After delivery the auto 
bodies are ready to be processed. 
Having been ground-stacked at the site, the auto bodies 
will be picked up by a conventional railroad crane car attached 
to one end of the units. Each auto body will be placed on the 
input conveyor of the shear car and fed to the hydraulic shear 
by this conveyor (see Figure 51). This conveyor is equipped 
with eight-inch guard rails to insure even flow to the shear. 
The auto bodies enter the shear at a velocity of one foot per 
second, striking a trip plate (see Figure 52) 18 inches within 
the shear itself. The trip switch controls both the conveyor 
and shear operations. The conveyor is turned off simultan-
eously with shear initiation. After shearing, the conveyor 
restarts when the 18 inch section of scrap cut-off falls to 
the output conveyor belt. The hydraulic shear is powered by 
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a pump locate.d on the shredder car (Figure 55) from which 
connection is made by the use of flexible hydraulic hoae. 
The shear is supported by 14 x 8 inch wide flange sections 
capable of withstanding the reaction forces generated in the 
shearing operation. 
The cut-off scrap is transported from the shear by the 
output conveyor up a 15° incline to be transferred to the 
shredder car (see Figure 55). The slight incline, coupled 
with a low coefficient of friction, does not present a slip-
page problem. As the scrap sections move up the incline, 
thAy strike curved track rails which serve to rotate and 
center the sections in preparation for the shredding opera-
tion (see Figure 53). The transfer is completed to a two 
foot wide belt, located on the Shredding cnr, which continues 
at the same inclination to the mouth of the shredder at a 
height of 12.5 feet. 
Both of the conveyors located on the shearing car a~e 
driven by two-horsepower electric motors. The conveyor drives 
consist of 20-toothed gears which rotate and interlock with 
the conveyor belt treads powering the conveyor and eliminat-
ing slippage (see Figure 54). The dimensions of each tread 
have been designed so that they will continue to mesh with 
the gears during rotation. The conveyor belts consist of 
structural steel plates one-quarter inch thick and eight 
feet wide. These plates are pinned by one-half inch diameter 
rods using a piano type hinge. The conveyor belts ride on 
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rollers made of one and one-half inch dianeter American Stan-
dard pipes which are spaced two inches ,qs.rt, center to cen-
ter, and are pinned at the ends to the 1141.x 8 wide flange 
sections. This construction insures enolgh support for the 
belt when loaded with a one ton auto bodJ. 
The shredding unit is gravity fed and begins tearing 
the scrap sections as soon as they fall from the end of the 
conveyor { see Figure 55) • The shredder cxmsists of a four-
spoked spider which is six feet in diameter and five feet in 
width, mounting two bell-shaped 360 poun~ hammers per spoke, 
a total of eight in all. The spider rotates at 800 revolu-
tions per minute and is powered by a 398-D caterpillar diesel 
engine which produces 975 horsepower. T1m engine is connected 
to the spider through a right angle gear assembly which uses 
a centrifugal clutch and v-belt drive. '.Once set in motion, 
the spider's hammers will continue to SIJil)Sh the scrap through 
eight-inch by ten-inch grate openings, lreated opposite the 
feed opening. The metal particles atta:hi high velocities on 
the order of 250 feet per second as theJpass through the grates. 
The particle stream exiting the grate strikes a damp-
ening plate which is spring loaded with Dour springs (spring 
constant equals 162 pounds per inch). 'Dhis construction al-· 
lows for an average plate deflection of ffour inches; thus, 
most of the particle energy will be abscxrbed. The particle 
stream then falls to a conveyor belt whllh transports the 
particles to the magnetic separator car. 
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On the magnetic separator car ( see Figure 56) the scre.p 
material is trans.ported by a 37° inclined conveyor to a height 
of 12,5 feet, where it is gravity fed into a structural steel 
chute. The metal falls to within six inches of a magnetic 
belt. Using Alinco magnets arranged in parallel behind a 
type 316 stainless steel belt, it is possible to generate a 
variable magnetic field which will pick up fist-sized metal 
pieces (see Figure 57). Some of the ferrous scrap will attach 
itself to the belt and rise with the belt on a 45° incline. 
The ferrous metals which do not attach to the belt, along with 
the non-ferrous scrap, will fall to the second chute where 
they will be reprocessed close to the magnetic belt. The non-
ferrous materials will finally fall into a refuse bin to await 
further disposal. 
The ferrous metals which attach to the moving belt 
will rise to the top while being continuously jostled to 
shake loose any non-ferrous materials. At the top, where the 
magnetic field is removed, a small paddlewheel will pluck the 
ferrous metal pieces from the belt and knock them into a 
chute leading to the product hopper car. The paddlewheel can 
be chain driven by the electric motor which powers the belt. 
The added friction of the shredded metaiwhen attached to the 
belt by magnets, will not be sufficient to cause an increase 
in electric motor power requirements, especially since the 
316 stainless steel belt is non-magnetic. The power source 
for all of the conveyor belt electric motors will be a diesel 
engine generator mounted beneath the magnetic separator. 
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The overall unit capacity can be determined from a 
I 
simple calculation of the operation rate. The time required 
to shear a single auto body will average approximately three 
minutes, base·d upon ten shears per auto body. Considering 
the unit as a whole and assuming an average weight of one ton 
per auto body, results in a total processing rate of 20 tons 
per hour. Therefore, dlring an eight-hour working day a total 
of 160 tons of material is processed. Based upon one-half ton 
of non-ferrous material per ton of ferrous metal scrap pro-
duced, the total tonnage may be divided into its component 
parts; approximately 55 and 105 tons per day of non-ferrous 
and ferrous scrap respectively. The non-ferrous scrap must 
be removed at an additional shipping cost. The 105 tons per 
day of ferrous scrap is enough to fill two product hopper 
cars which could be shipped daily • 
Calculations 
a) Input Conveyor 
Avg. auto body weight - flattened (N) = 2,000 lbs. 
Coefficient of friction - assume min. (U) = 0.5 
Belt tension (F) =UN= 0.5 x 2000 lbs • 
= 1,000 lbs, 
Belt velocity (V) = 1 ft./sec. 
Power= FV = 1,000 lbs. x 1 ft. = 1,000 ft.-lb./sec. 
sec. 
= 1,000 ft.-lb. 
sec. 
x HP sec. 
545 ft.-lb. 
= 1.83 HP - thus a 2 HP motor is sufficient 
Drum radius (R) = 0.5 ft, 
.Angular velocity = V = 1 ft. x ______ _ 
R sec. 0.5 ft. 
= 2 rad./sec. 
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RPM= 2 rad. x 1 rev. x 60 sec. 
21f?'ad. -i sec. mn. 
= 19.1 
b) Conveyor Supports 
Beam Section 
Nominal size - 14 in. x 8 in. 
Weight per foot - 43 lb./ft. 
Cross sectional area - 12.65 sq. in. 
Modulus of elasticity - 30 ksi. 
Axis x-x, I - 429.0 in4. 
Angle Section 
Nominal size - 8 in. x 8 in. x 3/4 in. 
Weight per f oat - 38. 9 lb. /ft. 
Roller Dimensions 
Nominal pipe size - 1-1/2 in. 
Weight per foot - 3.33 lb./ft. 
144 rollers, eight feet long 
Feed Belt Dimensions 
Size - 1/4 in. x 3.768 in. x 96 in. 
Belt length - 53.38 ft. 
Treads - 170 
Weight per tread - 25.7 lbs. 
Belt weight - 4,375 lbs. 
c) Weight Per Foot on Crossbeam 
W = WBeam + WAngle + WPipe + WBelt + WAuto 
W = 43 lb./ft. + 38.9 lb./ft. + (3.33 lb./ft.) X 
8 ft. x 6 pipe/ft. cross sect.) + 
(4.375 lbs./26 ft.) + (2,000 lbs./20 ft.) 
W = 342 lbs ./ft. 
d) Beam Deflection 
y = - ,5WL4 
Max 384EI 
For unsupported 26 foot beam 
yMax = _ ,5(342)(26)4(12)4 
384(30x103) (429) 
- - 3.28 in+ 
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Beam supported at mid-radius 
5(342)(13)4(12)4 YMax = - --
384(30xl03) (429) 
YMax = - .205 in. at mid-radius 
e) Hydraulic Shear Mechanism 
Beam yield strength (Y) = 62 ksi. 
Cross sectional area (X) of 14 in. x 8 in. beam= 12.65 sq. in. 
Reaction force per beam (F), 
F = Y8 x A 
= 62,000 lbs. x 12.65 in2 
in? • 
= 744,000 lbs./beam 
Beam structure supports 2,976,000 lbs. in tension 
Average force on shear, 
Assume average auto body dimensions - 15 ft. x 6 ft. 
Density 0.2% carbon steel - .284 lbs./in} 
Volume of auto metal= 2,o~o lbs. 3 3 = 4.10 ft.3 l,284 lba/in))(1728 in./ft.) 
Equivalent plate thickness (t) 
t = 4,10ft.3metal 
15 ft, X 6 ft. 
t = .046 ft.= 0.55 in. 
f) Average Shear Force - Hydraulic Shear Mechanism 
F = 'tMax x A 
"C = crMax : 90 , ooo 
Max 2 2 psi 
"CMax = 45,000 psi 
Area= 0.55 in. thick auto body plate x X 
If angle cut (e) = 15° 
X = 0.55 in. 
tang 
X = 0,95 in. 
,! 
r; 
;"l 
d 
l 
w 
f 1
1 
~' 
-
A= 0.95 in. x 0.55 in.= 0.52 in. 2 
F = 45 ksi x 0.52 in. 2 
Avg. shear force= 23 1 000 lbs. 
g) Maximum Shear Force - Hydraulic Shear Mechanism 
Assume max. auto body member is 2 in. beam 
X = 2.00 
tan 30° 
in. 
= 3.47 in. 
Max. area= 4 in. 2 
F = ~max x A= 45 ksi.x 4 in. 2 
Max. shear force = 180 ks i. 
h) Friction Force of Belt to Cut-off Scrap Being Fed to Shredder 
inclined belt 
W=200 lbs. 
FR= force due to friction= µN 
N = Wcos 15° = 200(0.97) = 194 lbs. 
µ = 0.5 
FR= 0.5(194) = 97 lbs. 
Fw = force due to weight= 200 x sin 15° 
Fw = 200(0.26) = 52 lb. 
Therefore, since FR is greater than Fw, the sheared scrap 
pieces will not slip backwards along the belt. 
i) Damper Plate 
Mass flow rate(W) = 2,000 lbs. X 1 
auto body 
= 333 lbs./sec. 
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Particle velocity (V) 
(A) = Boo RPM X 2 ,r rad. 60 sec./min. sec. 
bl = 83.8 rad ./sec. 
V = CA>·x radius of spider 
V = 83.8 rad.x 3 ft. 
sec. 
V = 251 ft./ sec. 
Tolerable spring deflection (X) = 4 in. = 0.33 ft. 
F =WV=KX Avg g 
K - Wv - ( 3 3 3 1 b • / s e C • ) X ( 2 51 ft. / s e C • ) 
- gX - (32.2 ft./sec. 2)x(0.33 ft.) 
= 7,750 slugs/sec. 2 
= 646 lb./in. 
For a 4-spring plate 
K = ~ lbs./in. 
4 
K = 162 lbs./in. 
j) Questionable Car Weight Calculations 
Shear Car 
Shear blades - 16 ft.3 steel x 2 1728 in.3/ft.3 x .284 lbs./in. 
Feed belt 
Runoff belt 
Feed roller bed 
Runoff roller bed 
14 x 8 structural I (144 beam feet) 
8 x 8 angle L (80 beam feet) 
Hydraulic system 
Electric motors 
279 
Lbs. 
7,740 
4,375 
2,570 
3,840 
2,400 l 
I 
6,200 I, J: 
3,110 
500 
300 
31,035 
\ 
Shredder Car 
Shredder 
398-D Caterpillar diesel engine 
Conveyor belts 
14 x 8 structural I (106 beam feet) 
8 x 8 angle L (58 beam feet) 
Hydraulic pump 
Belt motors 
Roller bed 
100,000 
11,290 
1,252 
4,558 
2,258 
500 
300 
4,750 
12L~, 908 
Since the average railroad car carries a 140,000 pound 
capacity, both cars can be constructed. 
k) Shredder Car Deflection 
In established shredder-separator operations, permanent 
foundations are always used. Since this obviously is not pos-
sible for a mobile operation, calculations were made in an 
attempt to show that a fixed foundation was not a necessity. 
From our discussions with existing shredder-senarator 
operators we learned that the most severe forces are exerted 
on the unit whenever one of the harmners is lost from the 
spider. When such a situation exists, the vibration which 
results is due to a rotating eccentric mass. Since the eccen-
tricity, angular velocity and harmner weight are known, a value 
for the deflection can be calculated if the system is assu1~ed 
to be one dimensional. This assumption may or may not be 
reasonable. 
From "Shock and Vibration Handbook," by Harris (4) for 
a 50 ton capacity car with an empty weight of 20 tons, the 
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spring constant (k) for a nest of railroad springs (four 
nests per car.) equals 22 (103) lbs./in. 
Total k = 80 (103) lb./in. for whole system 
The damping coefficient is due to friction damping which 
varies with the weight of the system. 
F = 4,000 lbs./nest 
Ftotal = 16,000 lbs. 
From "Vibrational 
new2 f 
X = -;::::=======::;:= 
V(k-Mw ) f+(wrc) 2 
where, 
Analysis," by Vierck (8), 
x = displacement of system 
n = eccentric mass= 350 lb. 
wr = forcing function• 800 rpm c 83.8 rad./sec. 
k = spring constant of system 
M = total mass of system= 120,000 lb. 
c = internal damping= 4F = lb./ft. 
'JTWfX 
e = length of eccentric arm= 3.5 ft. 
thus, (~) (3.5)(83.8)2 
X =Jf(l2)(80)(103)-(12~~~~0) (83,8) 2J2+[(83,8)~!~M~~)J 2 
lb• rad. 2 ft. ft. 2 
sec. sec. X = 
J[lb. in. 
- lb. (rad. 2) ]2+[ rad. lb. 2 in. ft. ft. sec 2 sec. rad. rad. ft~ ;;;. 2 • -sec. 
lbs. 
J(l:2...·)2 + (lb.)2 = ft. X = 
ft. ft. 
(10.88)(3.5)(7025) 
X = 
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x2 = (276,000) 2 
r2.45(1o7)J 2+I 7~~o 12 
x2 · 7.62(1010} 
= (6.02)(1014)+5· 22~108 ) 
X 
6.02(1014)x2 + 5.25(108) = 7.62(1010) 
X2 _ 7.57(10
10) 4 ~-~-~~-~ = 1.26 X 10-
- 6.02(1014) 
X = 1.12 x 10-2 feet= 0.134 inch 
,, 
·ii Thus the deflection of the shearing car is insignifi-
cant. We therefore conclude that a fixed foundation is not 
necessary for the shredding operation as designed. 
5.6 Economic Study 
Fixed Costs: 
Item 
Ropak 25' Conveyor Belt 
Ropak 15 1 Conveyor Belt 
Fiber Conveyor Belt 
Fiber Conveyor Belt 
Ropak Conveyor Belt 
Williams Shredder 
Hydraulic Unit and Pump 
Caterpillar #3980 Diesel 
Electric Motors (5) 
Cyclone Precipitator 
Diesel Motor and Generator 
Crane and Crane Car 
Railroad Cars (3) 
Maintenance Equipment 
Total Fixed Capital Cost 
Erection Cost 
Total Ini ti'al Cost 
282 
Cost 
$ 10,000 
8,000 
10,000 
10,000 
30,000 
300,000 
50,000 
18,000 
1,000 
40,000 
5,000 
100,000 
120,000 
5,000 
$707,000 
300,000 
$1,007,000 
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Variable Costs: 
Labor Operators 
Maintenance 
Fuel @ $11/hr. 
Item 
-(2 req 1d,)@ $10/hr, 
Men - (5 req'd)@ $8/hr. 
Total labor cost 
Total fuel cost 
Disposal - cost to haul away non-metallic and 
non-ferrous scrap 
Assuming: - 55 tons produced/day 
- $2/ton to haul by truck 
Cost/day 
$160 
320 
$480 
$ 88 
Total hauling cost $110 
Repayment of construction cost loan 
Based upon 6% interest over a 20 year 
period (no final salvage v&lue), the 
initial loan of $1,007,000 will be 
repaid in uniform yearly amounts 
of $87,500, Assuming 250 workinp; days 
per year, the daily repayment is ----
Total Variable Cost 
Revenue: 
Item 
$1028 
Cost 
Income per ton of auto body input (plus) 
assume $45/ton of ferrous metal scrap 
product $30/ton 
Raw material cost (minus) junk autos@ 1 ton,@ $20 
-$20/ton 
Shipping cost (minus) 
cost to ship process to auto ,junkyard 
assuming 100 mile distance@ 2.3(,/ton-mile- $2.30/ton 
Gross Profit 
Estimated total unit capacity is 160 ton/day 
therefore, gross profit 
Minus variable expenses of 
Net Profit 
$7,70/ton 
$1332/day 
$1028/dny 
$304/day 
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Summary 
We have attempted to demonstrate, throughout the early 
stages of this report, the need for a portable junk automo-
bile shredder.-separator facility. Although permanently loca-
ted shredder-separator units are in operation, these units 
are not economically able to dispose of the vast amounts of 
junk autos distantly located from major cities. Our prelim-
inary calculations and design work indicate that a shredder-
separator unit can be successfully mounted on a series of 
three railroad cars. 
Since the conventional railroad car chassis supports 
only 140,000 pounds, three separate cars are required in 
order to maintain the total weight and vibrational loads be-
low the maximum limits allowed, Our calculations show that 
a fixed foundation is not required, for our design as pro-
posed, since the railroad track bed is capable of supporting 
huge loads. 
Having both electrical and mechanical sources of energy 
on board, the three cars, along with a required railroad crane 
car and product hopper cars, can be moved across the country 
from site to site. This inherent mobility of our system al-
lows the units to relocate when the junk auto supply at any 
particular site is exchausted; thus, maximization of the 
operation's economic potential is easily realized with proper 
route planning. 
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The operating capacity of the process is estimated at 
160 junk autos per eight-hour working day. Processing these 
junk autos results in approximately 55 tons of non-ferrous 
scrap for dis.posal and 105 tons of ferrous metal scrap to 
be sold to steel mills at an income of $45 per ton. Al-
though an approximate construction cost of one million dol~ 
lars is required, a daily net profit of $304 may be obtained. 
Based upon the information presented in this report, 
it is the contention of this project group that a railroad-
car-mounted shredder-separator unit in not only useful and 
possible, but economical as well. 
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6. PROJECT SUMMARY 
This experimental program undertaken at Lehigh Univer-
sity was foremost an educational venture. Within the field of 
engineering design, selected topics in municipal solid waste 
disposal were investigated by a task force composed of stu-
dents and faculty members from various engineering disciplines 
and several noteworthy technical achievements resulted. The 
program thus served to satisfy educational as well as tech-
nical objectives. 
From the technical viewpoint, each of the four project 
groups succeeded in attaining their established goals, re-
sulting in several important accomplishments. Within the 
area of Solid Waste Disposal Via Sanitary Landfill Techniques, 
a project group designed a proposed sanitary landfill for use 
by the City of Allentown, Pennsylvania, utilizing an existine 
quarry in Whitehall Township, Pennsylvania. Through use of 
a leachate collection and recirculation system, area ground-
water pollution would be eliminated. The proposed system 
would also render the landfill non-pollutable within a short 
time period. Through these technical accomplishments this 
group succeeded in demonstrating the feasibility of a totally 
non-polluting method of municipal refuse disposal via sanitary 
landfill techniques. Thus, through conscientious planning 
and use of existing technology, municipal solid wastes may be 
safely and efficiently disposed of in landfills. 
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A second project group studied Reclamation of Munic-
ipal Solid Wastes. During the course of their study a market-
ability investigation of the recycleability of various munic-
ipal refuse cpmponents was made. Based upon these results, 
two municipal reclamation systems were proposed. The first 
method utilizes dry separation techniques while the second, 
method uses a combination of wet and dry techniques. An 
experimental program was undertaken in which the processes 
of ballistics separation, floatation separation and air flow 
classification were investigated. 
The design efforts of this group serve to point out 
that reclamation of various fractions of municipal refuse is 
indeed possible. In addition, the economic potential for 
a municipal reclamation facility in the Lehigh Valley was 
found to be quite high. Reclamation of municipal refuse was 
therefore concluded to warrant further investigation and im-
plementation due to its high degree of both economic and 
technical feasibility. 
The Pyrolytic Disposal of Municipal Refuse was inves-
tigated by a third project group. Both the economic and 
technical aspects of pyrolytic solid waste disposal were 
studied. A 10 ton per hour pyrolytic municipal refuse dis-
posal facility was investigated for its economic potential. 
The process, in addition to being of lower fixed-capital 
investment, was also found to be much less of an environ-
mental polluter than a similar sized conventional incinera-
tor, 
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, Detailed design was performed on a 500 ton per day 
pyrolytic refuse disposal facility and no insurmountable 
technical problems were encountered. A facility of this 
capacity could easily process all the municipal solid wastes 
generated by Allentown and Bethlehem, Pennsylvania, as well 
as those wastes generated by their smaller out-lying commun-
ities. Although extensive design work in this area is re-
quired before implementation of such a disposal scheme may 
be commenced, this project group strongly demonstrated the 
economic and technical feasibility of a pyrolytic municipal 
disposal system. 
Of a more specific nature was the investigation of a 
Portable Junk Automobile Shredder-Separator performed by a 
fourth project group. A·preliminary study indicated a major 
limitation of present f,ixed-foundation shredder-separators; 
the permanently-mounted units may at times witness a dimin-
ished supply of junk autos within the confines of their 
economic hauling distance. Thus increased hauling costs 
may yield these facilities economically unsuccessful. 
Using a system of three railroad cars, a portable 
system was designed by which the facility could be relocated 
as the market supply of junk autos varied. The proposed port-
able unit has a processing rate of 200 junk automobiles per 
eight-hour working day. For a fixed-capital investment of 
one million dollars, the facility will return a daily net 
revenue or $304. 
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Through the results of this study it was shown that 
a portable junk automobile shredder-separator facility was 
economically and technically possible. Of equal consequence, 
it was demonstrated that a definite need for a facility of 
this type exists. 
The educational aspects of the program were several .• 
The basic structure of the program entailed one mass weekly 
meeting of all project groups with the faculty member in 
charge. During this session all the groups participated in 
a round table discussion of solid waste disposal problems in 
general and the various topics of investigation in particular. 
At this time guidance was available from the faculty advisor 
and any problems encountered by project groups or project group 
members during the preceding weekly period were discussed open-
ly. In addition, the project groups met singly with the facul-
ty advisor at other times during the week as the need arose. 
The mass weekly project group meeting served several 
purposes. Firstly, the problems encountered by the various 
groups were made known to the faculty member in charge. Ap-
propriate guidance at this time, both technical and adminis-
trative, served to maintain a ressonable rate of accomplish-
ment throughout the term. Secondly, inter-group interaction 
was stimulated; several times a solution to a particular group 
problem was suggested by members of other project groups. 
The project groups thus became involved in serveral municipal 
solid waste disposal projects as well as their own. This 
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inter-group knowledge dissemination also.help~d to avoid 
duplication of efforts by the project groups. 
A mid-term and final report were prepared and a pre-
sentation of results was presented by each group, each term. 
These presentations were open to discussion and constructive 
criticism from members of the other project groups as well as 
the faculty advisor, and again, several helpful suggestions 
ensued. 
As well as the meetings between project groups and 
faculty member, each project group met among themselves as 
the need arose. During these meetings work was allotted t0 
each project group member on the basis of his engineering 
discipline, that is, based on his educational qualifications 
to perform the specific task in question. Intra-group dis-
cussions served to solve many problems and to guide the future 
course of the project. 
Through the use of the above basic organizational 
structure, the experimental interdisciplinary design program 
was implemented. It was found that through the involvement 
of students from various disciplines, a successful program 
in engineering design could be accomplished. The success of 
the program is due in part to the inter-group interaction as 
explained above. However the program's success can more 
rightfully be attributed to the interdisciplinary interaction 
within each group itself. By the use of various disciplines 
interacting on one project, the problems and tasks encountered 
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could be accomplished more efficiently by the student better 
educationally qualified for that particular task; thus, the 
progress of the group was greatly enhanced. At the aame 
time, each student became aware of the problems and modes 
of solution encountered by other engineering disciplines. 
A noteworthy educational accomplishment of the program was· 
thus the partial enlightenment of each student to the tech-
nology associated with other engineering disciplines. Also, 
for many of the students, this program was their first en-
counter in a working situation with other engineering disci-
pline members. This encounter served to demonstrate to the 
students the value and potential of interdisciplinary efforts, 
much the same as they will meet in industrial situations. 
In the future it is reconnnended to promote the inclu-
sion of more junior year engineering students in the task 
force. As demonstrated by this investigation, junior year 
engineering students are educationally equipped to success-
fully partake and make a meaningful contribution in a group 
venture of this type. The inclusion of sophomore year engin-
eering students is however not recommended. 
In the final summation, the program is concluded to 
be a qualitative and quantitative success from both the tech-
nical and educational aspects. 
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APPENDIX A 
TABLES 
TABLE 1: MINIMUM ION AMotmTs EXPECTED FROM A SANITARY 
LANDFILL PER YEAR PER ACRE-FOOT 
Ion 
Sodium and Potassium 
Calcium 
Chloride 
Sulfate 
Bicarbonate 
Tons Extracted/Year 
1.5 
1.0 
0.9 
0.2 
3.9 
Source: California State Water Pollution Control 
Board "Investigation of Leaching of a 
Sanitary Landfill, 11 Publication No. 10 
Riverside, Landfill 
Riverside, California 
~ABLE 2: DISPOSAL RATES FOR BETHLEH~M LANDFILL -- BETHLEHEM, 
PENNSYLVANIA 
In-Cit;y Rates 
Vehicle T$/cubic yard) 
Large trucks .30 
Pick-up trucks 1.00 
Automobiles .50 
Source: Bethlehem Landfill 
Bethlehem, Pennsylvania 
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Out ·of Cit;y Rates 
( $/cubic yard) 
1.00 
3.00 
1.50 
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TABLE 3: SANITARY LANDFILL TRACTOR REQUIREMENTS BASED UPON 
SERVICED POPULATION 
Tractors Req'd. 
HD-6 with dozer 
or 6G Loader 
Po~ulation (lOOO•s) 
2.~i- 5J,i, 10 1 20 30 46 50 75 100 
· 1 1 1 1 1 1 1fl 
HD-11 with dozer 
or 7G Loader 
HD-16 with dozer 
or 12G Loader 
HD-21 with dozer 
or 21G Loader 
For 
Cities 
Over 
100,000 
Population 
1 1 1 2 
J,}Three or more of these smaller communities can be serviced 
by one HD-6G. 
#Where towns or cities have none or very light industry and 
no ashes due to use of natural gas or oil for heating 
Towns less than .5000 population can use the versatility of 
the Model D with TLD Loader. 
Source: Allis-Chalmers 
TABLE 4: 
Month 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 
Source: 
11 Sani tary La'll.dfill Methods and Benefits" 
p • .57 
PRECIPITATION AND TEMPERATURE DATA -- ALLE?TTOWN, 
PENNSYLVANIA 
Normal Normal Normal 
Daily Daily Daily Total 
Maximum Mean Minimum Precip:itntion (degrees Fahrenheit) (inches) 
3.5,6 27.7 19. 7 3.05 
37.9 29.4 20.9 2.85 
47.8 38.2 28.5 3,69 
60,9 49. 7 38.5 3,95 
71.3 59.8 48.2 3.67 
80.7 69.2 57.7 3.42 
85.1 73.9 62.6 4.44 
82.6 71.7 60,8 4.03 
75,5 64,6 53.6 3.81 
65.4 53.9 42.4 2/;6 
.51,5 42.3 33,0 3,61 
38.6 30,6 22.6 ~ 1 
U.S. Department of Commerce 
"Local Climatological Data for Allentown, Pennsyl-
vania, 1970" 
Government Printing Office 
Washington, D. c., 1969. 
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TABLE 5: VOLUMES AND COSTS OF FILL ING LAKE 
' I Maximum Volume J 
'~ 
Available· Used to Unit Total 
Borrow.. Volume Fill Lake Cost Cost 
j\ ' Area (cu.yd.) (cu.yd.) ($/cu.yd.) ( $) 
1 121,200J,} 37,700 1.25 47,500 
2 30,000 30,000 3.00 90 ,OOQ 
3 157,500 157,500 6.00 945,000 
. 
I 4 13,300 13,300 5.00 67' 500 
5 91,000 91,500 5.00 !-t-57, 500 
6 2,000 2z000 1.25 2z200 
332,000 $1,609,000 
JI 
·'"72, 900 cu. yd. reserved for final cover 
', :;, Sources: - Geological survey map 
- Field visit 
- National Construction Estimator, 1971-1972 
TABLE 6: SITE PREPARATION COST SUMMARY 
Item Cost 
--
Filling lake $1,609,000 
Fiberseal liner 136,400 
Slag blanket 48,000 
Collection and recirculation system 101,610 
$1,895,010 
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TABLE 7: PROJECTED SOLID WASTE QUANTITIES PRODUCED BY 
ALLENTOWN, PENNSYLVANIA 
Item Year 
Allentown Population 
Household Solid Wastes 
Tons/Day~~ 
Tons/Hour{Hr 
Cubic Yards/Da ~HHr 
Inch-Acres/Day~ 
Inches/Day## 
(tons) 
1975 
108,963 
46,854 
187 
23.4 
356 
2.64 
2.46 
1990 
109,000 
_61,149 
245 
30.6 · 
467 
3.46 
3.25 
*Household solid wastes (tons)/250 days - Based upon a 
5-day week and 10 days off per year for holidays. 
~H~Tons/day/8 hours - Based upon one eight-hour shift. 
{HHrTons/day multiplied by 2000 lbs o divided by 1050 lbs./ 
cubic yard - Based upon shredder densification research 
results. 
#cubic yards/day times 46,656 cu.in./cu.yd. times one 
acre/6,275,000 sq.in. 
##Assumes fill will be covered by new refuse every three 
weeks (15 working days). Therefore the entire fill site 
of 16 acres will be broken up into 15 subdivisions of 
1.065 acres each (inch-acres/day/1.065). 
Source: From the files of the Joint Planning Commission of 
Lehigh-Northampton Counties, "Solid Waste Study (preliminary draft)," 1970. 
TABLE 8: AVRRAGE PRODUCTION COST PER MONTH, REFUSE REDUCTION 
PLANT, MONTREAL, QUEBEC 
Item 
Machinery, repairs, hannners, etc. 
'l'ruck repairs including gas and rubber 
Foreman and plant operating wages 
Driver wages 
I 
Cost/Month 
(American Dollars) 
6,170 
2,300 
7,500 
4,180 
$20,150 
Source: )'-Johnson, W. J., "Refuse Reduction Plant: Montreal, Quebec," Engineering Journal, Vol. 52, No. 6, 
June 1969, 
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TABLE 9: 
Item 
refuse disposal 
reclaimed land 
beautification 
upkeep 
fatality 
prevention 
ground and sur-
f ace water pollu-
tion prevention 
Total Benefits 
cost of land 
cover material 
hauling and 
collection 
site preparation 
site preparation 
Total Costs 
BJmEFIT-COST ANALYSIS 
-Method of Calculation 
B E N E F I T S 
fill volume x current 
rates 
agricultural value 
annual corrnnunity expendi-
tures/acre for scenic im-
provement x acreage x dur-
ation 
annual expenses to owner 
x duration 
probable life loss x life-
time earnings 
-------------
C O S T S 
real estate value+ 
minable material 
cost of two foot deep 
final top 
present system 
filling lake+ liner+ 
slag blanket+ pumping 
system 
labor+ maintenance+ 
equipment 
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Net Worth 
$3,000,000 
5,500 
24,000 
260,000 
334,880 
incalculable 
$3,624,380 
$ 116,000 
8,900 
none 
1,895,010 
1,253,000 
$3,272,910 
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TABLE 10: ESTIMATE OF POTENTIAL REVENUES FOR A RECLAMATION PLAi'\TT IN THE LEHIGH-NORTHAMPTON TWIN COUNTY AREA 
· Cons ti tuen t 
Discharge 
Privilege 
Glass 
Metal 
Paper 
Plastics 
Leather and 
Rubber 
Textiles 
Wood 
Food wastes 
Yard Wastes 
Disposal Costs 
Partial Source: 
~··-· - - . . -· .. - ... ------
8.6 
8.9 
44.9 
1.2 
1.7 
2.3 
2.6 
16.8 
13.0 
47.0 
Tons/Yr. 
438,000 
37,700 
39,000 
196,500 
5,250 
7,450 
10,100 
11,400 
73,600 
57,000 
Recovered 
Portion (85% 
assumed.) 
32,040 
33,150 
167.,000 
Unrecovered 
Portion 
5,660 
5,850 
29,500 
5,250 
7,450 
10,100 
11,400 
73,600 
57,000 
205,810 
Net Estimated Revenues: 
Current 
Disposal 
Rate 
( $/Ton) 
3.00 
15.00 
22.50 
10.00 
(3.00) 
Value/Yr. 
$1,314,000 
480,600 
745,875 
1,670,000 
(617,430) 
$3,593,045 
Chansky, S. H. a."'ld W. R. Nies sen, "The Nature of' Ref'use", Proceedings of' the 1970 National Incinerator Converence, 1970, by the American Society of' Mechanical Engineers, pp. 1-24. 
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TABLE 11: AVERAGE ANALYSIS OF REFUSE USED IN PYROLYSIS 
EXPERIMENTS - AS RECEIVED, 1rn ORI ED 
Component 
Moisture 
Volatile matter 
Fixed carbon 
Ash 
Component 
Hydrogen 
Carbon 
Nitrogen 
Oxygen 
Sulfur 
Ash 
Proximate 
Percent 
43.3 
43.0 
6.7 
7.0 
100.0 
Ultimate 
Percent 
8.2 
27.2 
0.7 
_56.8 
0.1 
7.0 
100.0 
Heat obtained by burning gases (tars, non-condensibles 
and liquor) and solid residue: 
Btu/pound refuse as received = 4,827 Btu/lb. 
Available Btu/ton refuse= 9.654 x 106 Btu/ton 
! 
) 
/. 
I 
Source: Sanner, W .s., et al., "Conversion of Municipal and 
Industrial Refuse Into Useful Materials by Pyrolysis," 
Bureau of Mines, U. S. Dept. of the Interior, Report Ii 
of Investigations 7428, August 1970, 
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TABLE 12: CHF.MICAL Al\T ALYS IS OF SOL ID RESIDUES PROM PYHOLYS IS 
OF MlHHCIPAL HJ~FUSE A'r 900°c 
Component 
Moisture 
Volatile matter 
Fixed carbon 
Ash 
Component 
6 
Hydrogen 
Ca.rbon 
Nitrogen 
Oxygen 
Sulfur 
Ash 
Proximate 
Percent 
1.0 
4,7 
31,7 
63.6 
Ultimate 
Percent 
0.3 
36.1 
0.5 
o.o 
0.2 
63.6 
Heating value of solid residue is 5260 Btu per pound 
of residue (10.52 x 106 Btu/ton residue). 
Source: Sanner, W. S. , et al., "Conversion of ~1uni c i pal 
and Industrial Refuse Into Useful Materials by 
Pyrolysis," Bureau of Mines, U.S. Dept. of the 
Interior, Report of Investigations 7428, August 
1970. 
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TABLE 13: 
Note: 
ANALYSIS OF GASES FROM PYROLYSIS OF MUNICIPAL 
RE:fi"Y(JSE AT 900°c 
Component 
Hydrogen 
Carbon monoxide 
Methane 
Ethane 
Ethylene 
Carbon dioxide 
Propane 
Propylene 
Isobutane 
Butane 
Butene-1 
Pentenes 
Unidentified 
Volume Percent 
51.91 
18.16 
12.66 
0.14 
4.68 
11.42 
<0.01 
0.32 
Trace 
0.44 
Trace 
0.20 
0.06 
<0.01 = 1 part in 104 
Trace= less than 1 part in 105 
Heat content gr gas is 447 Btu per standard cubic foot 
or 7.930 x 10 Btu per ton of refuse pyrolyzed. 
Source: Sanner, W. S., et al., "Conversion of Municipal and 
Industrial Refuse Into Useful Materials By Pyrolysis," 
Bureau of Mines, U.S. Dept. of the Interior, Report 
of Investigations 7428, August 1970. 
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TABLE 14: ANALYSIS OF TARS FROM PYROLYSIS OF MUNICIPAL 
REFUSE AT 750°c BY COAL-TAR METHOD 
S ·r· ·t @ 15.60c 1 11c pec1 1c grav1 y c 60 = • / 1/. C 
Dry tar, weight-percent: Anthracene - 0.59 
Naphthalene - 3 .17 
Boiling range, volume-percent: 
o 170°c 
170 - 235°c 
235 270°c 
270 350°c 
Residue 
1.9 
- 11.1 
/.i..l 
e.1 
- 74.8 
Distillate, volume-percent of dry tar: 
Acids 4.0 
Bases 2.1 
Neutral oil 17.5 
Neutral tar oil, volume-percent: 
Olefins 16.3 
Aromatics - 79,9 
Paraffins and naphthenes - 3.8 
Note: No data were available for tars produced at 
900°c. 
Source: Sanner, W. S., et al., "Conversion of Municipal and 
Industrial Refuse Into Useful Materials By Pyrolysis," 
Bureau of Mines, U. s. Dept. of the Interior, Report 
of Investigations 7428, August 1970. 
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TABLE 1.5: 
,.• 
YIELDS OF TAR COMPONENTS FROM PYROLYSIS 
OF MUNICIPAL REFUSE AT 750°c 
Component 
Tars· 
Acids 
Bases 
Neutral oil 
Residue 
Olefins 
Aromatics 
Paraffins and naphthenes 
Component 
Anthracenes 
Naphthalenes 
Gallons/Ton Refuse 
2.6 
0.1 
0.1 
0 • .5 
2.0 
0.1 
0.4 
0.02 
Pounds/Ton Refuse 
0.14 
0.76 
Note: No data were available for tar yields at 900°c. 
Source: Sanner, W. S. , et al. , "Conversion of Municipal and 
Industrial Refuse Into Useful Materials by Pyrol:rsis," 
Bureau of Mines, U. s. Dept. of the Interior, Report 
of Investigations 7428, August 1970. 
TABLE 16: ULTI~.ATE ANALYSIS OF TARS FROM PYROLYSIS 
OF MUNICIPAL REFUSE AT 900°c, DRY BASIS 
Component 
Hydrogen 
Carbon 
Nitrogen 
Oxygen 
Sulfur 
Ash 
Analysis, Percentage· 
7.3 
83.0 
2.4 
2.3 
0.7 
2.3 
Heat value of tars is 16,005 Btu per pound of tar. 
Source: Sanner, W. s., et al., "Conversion of Municipal and 
Industrial Refuse Into Useful Materials by Pyrolysis," 
Bureau of Mines, U.S. Dept. of .the Interior, Report 
of Investigations 7428, August 1970, 
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TABLE 17: CHROMATOGRAPHIC ANALYSIS OF LIGHT OILS 
FROM PYROLYSIS OF MUNICIPAL REFUSE AT 900°c 
Component 
Pre ":'Benzene 
Benzene 
Toluene 
Ethyl benzene 
m, -P ,xylene 
o-Xylene 
Unidentified 
Volume Percent 
0.80 
73.39 
12.25 
0.02 
2.84 
0.81 
9.89 
Source: Sanner, W. s., et al., "Conversion of Municipal and 
Industrial Refuse Into Useful Materials by Pyrolysis," 
Bureau of Mines, U. S. Dept. of the Interior, Report 
of Investigations 7428, August 1970. 
TABLE 18: WATER CONTENT OF LIQUOR PllODUCF:D IN THE PYROLYSIS 
OF MUNICIPAL REFUSE AT 9000c 
Item 
Water in liquor 
from condensers 
Water in liquor 
from tar trap 
Volume Percent 
98.9 
94.6 
Source: Sanner, W. S., et al., "Conversion of Municipal and 
Industrial Refuse Into Useful Materials by Pyrolysis," 
Bureau of Mines, U. S. Dept. of the Interior, Report 
of Investigations 7428, August 1970. 
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MAP 1: REGIONAL LOCATION OF PROPOSED LANDFILL 
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MAP 5: SOLID WASTE VOLUME CHART 
Contours refer to depth of solid refuse. 
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APP.ENDIX C 
FIGURES 
Figure 1: LEACHATE COLLECTION SYSTEM - ALTERNATIVE A 
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FIGURE 2: LEACHATE COLLECTION SYSTEM - ALTERNATIVE B 
Drains to collect leachate Gravel-
· ··o· · · ... · ·o· -· ·" o· · · 
- - - J ... .. • • 
, • - ·..,. .. • • •• " -· 0 • i> 
Lake bottom 
311 
Water table 
Impermeable layer 
(sealer) 
: ':~ 
=--.......:~~.:...;-·.:...;·=-·. ----- .. ------ ~,-,·--· 
FIGURE 3: CONE OF DEPRESSION RESULTING FROM USE OF FRENCH DRAINS 
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FIGURE 4: TOPOGRAPHICAL LOCATION - LEACHATE COLLECTION 
AND RECIRCULATION SYSTEM 
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FIGURE 5: 
\ 
\ 
\ 
PIPING DIAGRAM FOR LEACHATE COLLECTION.AND 
RECIRCULATION SYSTEM 
\ 
\ 
;\ 
4" pipe 
I 
I 
r/) 
~ \ 
~I 
u\ 
I 
I,, --
1. Sewer 
...... -
2. Holding Pond 
--- - -Chestnut St. -- - - -- -- -
3. Distribution Pump 
4. Collection Pump 
314 
FIGURE 6: SECTION OF RECIRCULATION DISTRIBUTION SYSTEM 
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FIGURE 7: HOLDING POND 
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FIGURE 8: HEIL-GONDARD SOLID WASTE REDUCTION MILL 
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FIGURE 9: HEIL-GONDARD SOLID WASTE REDUCTION SYSTEM 
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FIGURE 10: IDEALIZED OPERATING SEQUENCE OF ACCELERATED 
STABILIZATION METHOD 
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FIGURE ll: DEVELOPMENT OF A MUNICIPAL REFUSE RECLAMATION SYSTEM 
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FIGURE 12: · SORTEX COLOR SEPARATOR 
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FIGURE 13: CONDUCTIVITY SORTER 
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FIGURE 14: SRI ZIG-ZAG AIR FLOW CLASSIFIER 
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FIGURE 15: GLASS SEPARATOR - SORTING BY "BOUNCE" 
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FIGURE 18: WET SEPARATION METHOD - SCHEMATIC 
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FIGURE. 19: PAPER PULPING UNIT 
® 
~,. G) ~ 
® C, C) 
tro 0 
0 
0 
Q 
c;, c 
0 
0 
oo c; 
0 
t:, 0 
,., 
---
c>~ 
0 
1. Steam heated vessel 
2. Agitator 
3, Inlet from shredder 
4. Overflow trough 
5, Light portion outlet 
6. Conveyor for heavy portion 
328 
Recycle 
Water 
. I 
I ! 
l : I : 
I : 
.. 
i 
., 
.· . 
• I 
-
• 
1111 
ii 
FIGURE 20: CONTINUOUS ROTARY FILTER 
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FIGURE 21: SINK-FLOAT UNIT 
1. Feed conveyor 
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FIGURE 22: CHARACTERISTIC BEHAVIOR OF HYDROPHILIC MATERIALS 
A. Water droplet on a hydrophilic material 
in an air medium 
B. Air bubble on a hydrophilic material in 
a water medium 
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FIGURE 23: CHARACTERISTIC BEHAVIOR OF HYDROPHOBIC MATERIAL 
A. Water droplet on a hydrophobic material in 
an air medium 
B. Air bubble on a hydrophobic material in a 
water medium 
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FIGURE 25: EXPERIMENTAL AIR CLASSIFIER 
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FIGURE 26: PROPOSED AIR CLASSIFIER FOR SEPARATION OF PAPER AND LIGHT PLASTICS 
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FIGURE 27: PROPOSED BALLISTIC SEPARATOR 
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FIGURE 28: EXPERIKENTAL BALLISTIC SEPARATOR 
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FIGURE 29: BALLISTIC SEPARATOR STATISTICS FOR CARDBOARD 
(LIGHT), 1:10 REDUCTION 
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FIGURE 30: BALLISTIC SEPARATOR STATISTICS FOR PLASTIC 2 
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FIGURE 31: BALLISTIC SEPARATOR STATISTICS FOR NEWSPRINT, 
1:10 REDUCTION 
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FIGURE 32: BALLISTIC SEPARATOR STATISTICS FOR METAL BOTTLE 
CAPS, 1:10 REDUCTION 
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FIGURE 33: BALLISTIC SEPARATOR STATISTICS FOR LAMINATED 
CARDBOARD, 1:10 REDUCTION 
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FIGURE 34: BALLISTIC SEPARATOR STATISTICS FOR CARDBOARD 
(LIGHT), 1:7 REDUCTION 
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FIGURE 35: BALLISTIC SEPARATOR STATISTICS FOR PLASTIC, 
1:7 REDUCTION 
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FIGURE 36: BALLISTIC SEPARATOR STATISTICS FOR NEWSPRINT, 
1:7 REDUCTION 
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FIGURE 37: BALLISTIC SEPARATOR STATISTICS FOR METAL BOTTLE 
CAPS, 1:7 REDUCTION 
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FIGURE 38: 
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BALLISTIC SEPARATOR EXPERIMENTAL RESULTS, MIXED REFUSE AT 
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FIGURE 39: BALLISTIC SEPARATOR EXPERIMENTAL RESULTS, MIXED REFUSE AT 
4.2 REVOLUTIONS PER SECOND 
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F.IGURE 40: PRELIMINARY DESIGN FLOW CHART - PYROLYTIC 
MUNICIPAL SOLID WASTE DISPOSAL SYSTEM 
Bucket 
Elevator 
t 
Magnetic 
Separator 
Recycle 
Gas__.. 
XS Gas 
~ Condensate 
345 
Feed Storage 
Gas 
Storage 
Receiving 
Area 
Combustible 
Gases 
...... --~ 
~ 
0 
(.) 
Solid 
Residue 
a---__, Storage 
FIGURE 41: DESIGN FLOW CHART - PYROLYTIC MUNICIPAL SOLID WASTE DISPOSAL SYSTEM 
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FIGURE 42: 
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FIGURE 43: PYROLYTIC CONVERTER 
60' Length 
Riding rings (3) 
Refuse 
input 
8' Diameter 
--L 
Heating gases 
Solid 
residue 
l 
i 
I 
l 
l 
I 
I 
I 
I 
I 
l 
l 
~.-.,•n-.;:_:-:~i4·•::>::;:.:_ .. ~~:-.~~,~)~~--;,_~~~~~~ .. c-~' ·. 
-:': ~-_.-:::-,::.·~ .. 
FIGURE 44: PYROLYTIC CONVERTER - REFUSE INPUT END. 
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FIGURE 45: PYROLYTIC CONVERTER - REFUSE INPUT END 
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FIGURE 46: PYROLYTIC CONVERTER - RESIDUE OUTPUT END -
LONGITUDINAL CROSS SECTION 
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FIGURE 47: PYROLYTIC CONVERTER - CROSS SECTION 
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FIGURE 48: GAS HANDLING EQUIPMENT LOCATION DIAGRAM 
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Equipment Key: 
1. Radiation-convection gas cooling duct 
2. Product gas exhaust fan 
3. Product gas compressor 
4. Waste gas combustion air compressor 
5. Waste gas burners 
6. Waste gas combustion chamber 
7. Recycle gas combustion air compressor 
8. Recycle gas burners 
9. Recycle gas combustion chamber 
10. Auxiliary draft-initiating exhaust fan 
11. Pressurized natural gas supply (auxiliary) 
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FIGURE 49: MAJOR DIMENSIONS OF PLANOIDAL (TYPE L) EXHAUSTER 
Type: Overhung wheel, full housing, bottom horizontal discharge 
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FIGURE 52: TRIP PLATE AND SWITCH 
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FIGURE 54: TOOTHED POWER DRUM AND BELT TREAD 
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FIGURE 55: 
l 
SHREDDER CAR 
' 
I 2& ------------1~~----- 14- -------"--
\2
1 ~ 
Right angle 
gear assembly 
• 
Shredder 
input 
bin 
Centrifugal 
clutch 
Cyclone 
precipi-
tator 
Conveyor 
motor 
so---------------------------~ 
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FIGURE 57: DIAGRAM OF MAGNETIC SEPARATOR OPERATION 
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Appendix D 
Explanation of the Floatation Process 
Floatation has become quite important in modern 
ore-dressing practice. The necessity for mining 0.nd treat-
ing ores in which the ore minerals were finely disseminated 
required finer and finer grinding to libera.te the values. . 
The resulting "slimes" were difficult to handle, and before 
the advent of floatation, many elaborate and intricate de-
vices were invented in an effort to concentrate finely di-
vided mineral. In many complex ores it was desirable to 
separate the valuable ore minerals into two or more separ-
ate concentrates to facilitate subsequent chemical treat-
ment. 
All of these problems required a solution which was pro-
vided by the process of fl'oatation. It was found that certain 
minerals possessed a tendency to float in water even though 
they simultaneously possessed a specific gravity great enough 
to make them sink in such a water medium. 
Investigation of this observation revealed that some 
materials possessed surface properties that favored the ad-
sorption of air onto the material's surface over that of 
water. The adsorption bond of the air onto the surface was 
of the weak Van der Waals type of bond, but was of sufficient 
strength to cause those materials to remain attached to the 
air on the surface of the water even though the densities of 
the materials were great enough to cause them to sink. 
·" ., 
,( 
I I 
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The discovery of such a material property led to the 
classifications of hydrophilic and hydrophobic materials. 
Hydrophilic materials cause very little attraction for air 
to adsorb on their surfaces. Figure 22 depicts the charac-
teristic behavior of air and water on the surface of hydro-
philic materials. A drop of water in an air medium on sue~ 
a hydrophilic material makes the same angle e, measured as 
shown, as a bubble of air in a water medium makes with the 
material surface; the angles, however, are less than ninety 
(90) degrees, which implies that the material possesses no 
special attraction for the adsorption of air onto its sur-
face and thus will quite likely be wetted by water. Figure 
23 illustrates the characteristic behavior of air and water 
on the surface of hydrophobic materials. A drop of water in 
an air medium on such a hydrophobic material makes the same 
angle 9, again measured as shown, as a bubble of air in a 
water medium makes with the material surface; the angles in 
this case, however, are greater than ninety (90) degrees, 
which implies that the material does possess a special attrac-
tion for the adsorption of air onto its surface and thus will 
exhibit a tendency to float when exposed to air bubbles while 
immersed in water. 
Thus the principle of floatation is simple, and the at-
tempt to apply this principle of floatation to mixtures of 
paper and'plastics was the basis of the experiment conducted 
for this report. 
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